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This Couprse is de81gneq for the treatment plant
: operator or technlclan who is requfred-to monitor . .
. ) effluent dlscharges under a National Pollutant Discharge
' Elimination System: (NPDES) Permit and,whOthf had little

e or no prev1ous experleﬁce 1n laboratory wor
[, B H J—
. * THe Course w1ll include a rev1ew of Basic mathema-

) tics.* Applications in the chemical laboratory such as
weighing techniques, use of equipment and solution
preparation will be stressed. An introduction to basic
microbiological techniques-will also be included. ~

.

.

< ’ This manual has been prepared on a modular basis.

.. Some of the information.such a's welghlng techniques &nd
! ' solution preparation has been designéd in a Standard
Operating Job Procedure (SOJP) format. It is believed
that this "step sequence" presentatjion is ea81er to

t follow in an actual laboratory procedure:¢
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; : EFFLUENT MONITORENG PROCEDURES . '
' .. BASIC LABORATORY SKILLS .
) STUDENT REFERENCE?MANUAL ‘ v
MODULE I /

BASIC MATHEMATICS
]
" In the calculation of results for the parameters of ‘the’
permit system, several mathematical calculations are necesgary.
‘This module will rewview the follow1ng areas: Metric System,

————4ﬂyaLe—NumbepsT4Deeima%sT-Fermu%aSAaaé—Pereeﬁtages
» « A. The Metric System

The metric system is a decimal system of units for
measurements of mass, length, volume and other physical
constants. *f is built agghnd a set of basic units and
uses factors of 10 to expFfess larger or smaller quantities
of these units. The metric system is uged virtually arouqd .
the world. The United States is one of the last countries
to convert to this system It is estimated that within ten
years, all of our measurements will be expressed in metric -
units.

_ Table A.l shows the measurements that will be used 4n
this course as well as the common terms of the English and

Metric Systems. - . . : .
N _ Table A.1l .
Measurement Metric - English
< A
Weight . « milligrams', grams, ounces, pounds,
kilograms . tons
Length y centimeters, milli- inches, feet,
. meters, kilometers 1 yards, miles
Volume ) ot milliliters, liters pints, quarts,
o o . gallons * '
- ~ : L ’
. 'Temperature o Centigrade (°c)” - Fahrenheit (°F)
: 4

To.,"express larger or smaller quantities; prefixes are added

to the names of the units. For example kilo added -tp the

-word gram to give kllogram. These prefixes represent multiples
of 10, making the metrlc system a total decimal system of
measurements. . . . ) CoL .

¢ . ‘ .
N

o | , L. A . -
Q T »» . . 7 - )




. v -
' A
Some of ,the more commonly uggd prefixes are:

- . . R . / .
"kilo==m=mmecme ——————— one thousand (1000) times
. . " t&gﬁﬁnit expressed.
centi--=e-cmmmemmeeea o one-hundredth (1/180 'or 0.01)
¢ ‘ " of the unit expressed. )
. Milli-e-~---t---oooo----one-thousandt?(1/1000 or 0,001)
~ ! of the unit expressed. -
Exampfés: .
. L ' }

1000 meters
1000 milligrams
1000 milliliters

_Ng&epigaiL%%%2¥éLe%%sﬂ9£—Eng;ish¥méasupeﬂmwnxpéaﬁ%he—Me¥¥4€>;~m———¥*-——
System are given in Table A.2. Accepted abbreviations are
given in parentheses.

1l kilometer
1 gram
1l liter

H o n

-2
Table’ A.2
Yeight Length Volume
pound =453.6 grams(g) |1 inch = 2.54 centi- |1 quart = 946 milli-
H . meteqs(cm) ) liters(ml)
' 1 gallon= 3.78 liters
N (1)

The standard unit length in the metric system is;the meter.
* A meter is 39.37 inches, a little longer than 1 yard. One
meter-contains 100 centimeters or 1000 millimeters. A kilometer
contains 1000 meters. The standard unit of weight is the kilogram.
A kilogram contains 1000 grams. Comparing these weights to our
pound (16 ounces), we find.that 453.6 grams equal 1 pound and
1 kilogram is equal to 2.2 pounds. As with length measurement,
prefixgs "are used to indicate larger and smalle? units of the
gram. The standdrd unit of volume in the metric system is
the liter. The nearest common value comparable -to the liter
is a quart; '1.00 liter equals 1.057 quarts (or 946 ml-= 1 quart).
The most commonly used smaller unit of a liter is the milli-
liter, where 1 Qiter equals 1000 ml. ’
»
Two temperature scales comyonly used in reutine laboratory
work are the Celsius-(centigradd) scale, and the Fahrenheit
. scale. A unit of temperature on each of these scales is
called a degree. The symbol for the degree is ° and it is
placed as a superscript after the number and before the temperature.
scale indicated.. Thus 100°C means 100 degrees centigrade.
The centigrade scale is based on dividing the interval between
the .freezing and boiling temperatures of water into”100 equal
parts or degrees. The freezing point of water is assigned E
+ a temperature of 0 degrees and the boiling point of water .
a temperature of 100 degrees.centigrade. In the Fahrenhéit
scale, there are 180 degrees between €he freezing and boil- '
ing temperatures of ‘water. On this scale the freezing point

R ’ "i 8




' * ‘ . § : /
of water is 32 degrees and the boilipg point is 212 degred%'
Fahrenheit. , : o

) 1
Abbreviations for these units of‘%emperature are:
. : . . \ \-
degrees Celsius (centigrade) = ©°C - . . Cood
s . degrees Fahrenheit - . = "of '
< ~ . . ' {- R ' _ I
The two scales .are shown in Figur3;6:3. . o
3 . - .
i -°Centigrade * . °Fahrenheit
. oo - .
L 100 - ‘ Poah
A\ Y ’
100 Div sions ", 180 Divis$ions
- or ) . or
100° ’ ’ . 186°
- + 25 ! 77
« IT7 o~
' ) -
,//( . .
B 4 -0 . 4 32 Freezing point
° " of water
. - e
1 -17.8 | B 0
A P = .. ‘\ '
P e
-263.18 : et -459.72 Absolute
. . ' Zero <

Examining the temperature scales, one can see that there
are 100 degrees between the freezing point and boiling point
of water on the centigrade sfale, and 180.degrees oh the
Fahrenheit scale. [Then, for each 1°C increase in temperature,
the °F increases 1.8°F. Conversions between ‘the temperature
scales may be done using the following conversion formulas:

°F = 9/5 °C + 32 . -
°C = 5/9 (°F - 32) A T
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5 ’ : ' .-&
- N 1 . >
1. "What is the abbreviatian for milliliter? . ,
, - - ) '
- - = \ -
. N _ .
;- ' ) r- . oo ‘ .
B 7. What is the numerical valle of the following prefixes?
_ , . % .
kilo
L e ’ o .
- © centi { ’
L \ , ——————
milli ’
3.  What .is the approximate -temperature 'in °C if the
Fahrenheit reading is 68°F? .
.Q ‘ ' : / E:
. Ve .
\ 4. Which is greater3}
{ ' " o - o RN
1 liter or 1 quart ' . ‘. ' .
M 1] . . L]
, . . -t . 2
1l yard or 1 meter ’
\ = +
5. List oné Metric and one E?glish unit for mass or weight.
] v
. 4 - L
’ \ "/ ~ _ ‘
A J ’
. ~ N b
. . . . A )
- ' . §
. . A -
* M -
) P T . )
—4
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Lesson 2. Whole Numbers b , Y

. A whole number is a digit from 0 to 9, or a combinatidn
of digits, such as 15,324, 2, 7241. The.place value in
numbers are shown in Table B.1l.

A}

Table B.1 ..
. ‘N )
’ '\ ‘ -
’ 4 A N v
' ’ - . ~ [

. %)

-0 g’

g . c

o} I . .
2z n . »

—~ ] 3 ko) *

—~ = 0 '8 ‘ {t
Tl 8 . , - N

£ . + 0 0]

c e ~ ()] P jo] o 0]

o L~ c . 0 = o

) ¢ o) ) < d 0

o g ! o + ) &

o] ) —~ o 3 yo! ) 0]

c o — c o ‘0 c c ]

3 0 -g 3 3] et 3 - 3] c 7
ool B, o = = vy B e}
1 b "5 2\ 7 1 4 iKY 2 3 '

. : / ‘ . ] Toa

‘Millions , . Thousands Ones ¥

» ke b ', ’

. The number is read: six hundred fif%y-Zwo million,  seven
hundréd fourteen thousand, two hundred-twenty three. Notice~
that thé word "and" is never used in reading & whqle number.

/ .

To illustrate the accuracy of.a cer%éin measurement in the
laboratory, it is often necessary to round off numbers. - In
rounding off a number to a required number of places, keep
as many figures to the left as are needed. Drop the other

figures and replace them with zeros. Examime the -digit-that
is one place to the right of,the last figuré required and

follow these rules: - . ,

- [ ' S

(1) If this digit is less than_5, do not change the last éigif )

reta‘ined. . . T

-

Examples: " ‘ AN

912 -founded to the neérest'gﬁn is 910
621 rounded to the nearest hundred is 600 \
3,498,461 rounded .to. the nearest million -is 3,000,000
. . N T , R . ;
(2) If this djgit is gr@ater than five, add one to the last
digit retaiped. E ‘ . ‘

.
)
[

-

t

J et 11 ‘-

C 8




. © Examples. . ik * ““-ﬁ

M . N ~ ™~ ) '
: Xam les. . T . a
. ' } H - L ‘
.- : - )

L

) 47 rounded to the neanest ten 1@ 50
868 rounded to the.nearest. hundred is 900, ~.
! . u 16,945 rounded +o~thewnpaﬁestifhouSanu~se ;7 000

-
[

8-
*.(3) If this dlglt is exdctly five, the last digit retalned
1s rounded off by increasirg it one number. T .

t‘ ’ i R !

AN

, v . 65 rounded to the nearest ten is 70 .
. 75 rounded to the nearest -ten is 80.
y. 37, 500 rounded to the nearest thousand 1s 38 000 .
) . . - r'd - ’
‘ Addltlon . ‘ '

In addlng a serlés of numbers, begﬁn with the column
at the right. If the sum of a column of 9igits is ten
or larger, carry the tens digit*dnd add it to th st -

of the digits-in the next eedumn to the left.. The plus -
sign (+) indicates.addition. Always chetk youyr work. ¢
. ! > k' ) N ' ¢ ' M v
Example. . y ‘
: R ] CheCk - . . .'I
I TS 2 8° s-J/‘ :
‘ v 3 2 +1 3 2 - -
> « 3 .1 8 A 31 8 g ' y !
@ S \\M / o .

Addition can always be checked by addlng down as shown in
the above gxample. . ‘ ) *

.

Units such as grams, mllllllters, tenty méters, 4%0 are
usually encountered in laboratory work. ,It 1is thereforé *

necessary to note .that, the units associatéd w1th a numben
should Be carried into the final answer

4 Lo T -
)
Example
i S o Check S
. - ~ ' ’ )
P +% 2 grams +1 l+v% 2 grams b~ - - )
-3 8°* grams /i 3°8 grams
—_— O L e — .
2 0 0 grams. - 2 0 -0 grams . S L
- . ’ 1 . .
. . . . A .

¢ Also, she,unit of ch number must be‘thé same in
performlng these oReratlons. '

“
Y
.

o*




7 T ’ o b '
»‘ ’ t [
- Subtractlon S ‘, ' : - LT, .
; . Subtractlon is the oppos;te of .addition. When we
subtract we take part of & group away. from, the size of .
<4 . the group that is left ‘The “minus sign (_) indicates .
detractlon - EPRR L ( . T
Additién can be used to check the shbtrabtion'operatién.' '
t e ‘ . T . e N : . v
Example T, < ' . T
. ' ' .
: . .50 ml .. -50ml , :
o - =12m , . ~=12 ml . . I
s . 738 ml” . “38 ml | , ) .
T T . % Y50 ml o -
Multlpllcatlon S o L e .
¢ I e - e
Multlplicatlon is a short method of addlng a number " -
to itself a given.number of tlmes ) ) ‘ R
: : . C : @
Ex E}E , - oo S
' ‘ 3 times 20 means 20 + 20 + 20 or 60 - ) 3
N 1) i . N, ) - j
. or: 4 )
' 1 ’ \ * * .
. - .20 4 S -
. ' ] . - X 3. . : *
3 . ] n\_" 0 ) \:\. ~ . )
¥ . % , .r
A knowledge of the multlpllqgtlonytables from two to . .. -
twelvé is necessary. The s1gﬁ of multlpllcathn is (X). < .
Each digit must Ae. gPt in fts proper column- at all times.
K Multiplication may b checked by 1nterchang1gg the ’ . o,
3  numbers. , -
txamgles .
. . . » Check .
how /
X 28 i X 42y
p ‘3392‘ h . 112 -
848 . .56 ’
e . TIBTZ: , 112 .~
e 5322 I
U 62 R - ) 1 NOTE: The.product of any
. . X, 10 . " -+  -number multlplled
& Y . .
: ao e . . by zZzero 1is zero.,.
" 62 . o B 4 .

In ‘this -example a short cJ%*may\Ee‘ised.

s -7"'-

. 13‘ T U

s




‘ AR ﬂ o
‘ Example _ 3 '
v o e ‘ -
- ) : 6.2ml L
- . X 10 . ] : ’ '
%‘pml . . ) . 2
. . 1, /
T Always pe syre that numbers are kept in the
’ proper columns and the .units carried to the |
. . final answer. . >
“Divisjon. - - .. .
. .. Lo
'‘Division®is’ the opposite of ‘multiplication.
. < . /" <
by .0 v - -
D The sign of division is (+) such as 8 + 2. A faction .

o, also 1nd1cates division: such as 8/2 or 8. ° ‘

-

Division should be checkéed by multiplication.

. .

, Ekam las— : o ’ :
* T T ~ ‘S0grams -

‘ 250 grams/5 means 5 {250 Ogbrams, . )
. #,5 ‘o
o - - 70 -

N\

f * | | .. .. Check | \

) 50 grams.l
- X5 .
~ 7250 grams- ‘ : ‘

I

- : /138
6532/47 47 (6532
. S . R . 4—7- .
. 4 183 . . ’
. . 141
. . . . ~=W2
) ’ : 376
In this example 46 is -referred- to as the re-
’ ma1p¢er and should be expressed as a fraction.

. . P - 138 7
., : 138 iﬁ, Check: X 4
T : 1*7 4 ' W
. . 552 v
' o . . , 1] 4
4 , B e . -+ 46 'y
- L I \ 5537
- - J ’ ) E ] *
L ~ .
i o e - : - T
0& ' ‘ 4
To-8- -, ]_4_ )
‘. ’ , ”~ .
» - ' .
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1 . EXERCISES - .
1. Round the following numbers to the nearest hundred: )
‘ * * .g
.an 952 < ' § p ) | .
. © b. 2304 / ' “)
‘. .
7 e 1248 ' ' ) :
- , . '
d. 10,263 ’ ) -
2. Round the follo&ing numbefs t® the nearest thousaﬁd:\ﬁ—
-~ B . . ‘ ..’ } .
a. 12,826 4
b. 5,556 ) ’
) 4
. <. 97,442 , . - "
’ 3. Perform the indicated-,operations: - R -
a. 155 gr. b. 962 gr. c. 261 gr.
7 * 24 gr.. + 98 gr. - 79 gr.
- .. R
» : v
. o * . . ‘ ) J’
d.‘ 2478 ) e. 6,821 .. f. 554 gn. .
\ -7 984 w . - 1,9'87 coen X 2%
- ' \ - -
. .‘ >-(.\ ‘n ‘
g 254 ml h. &,242 ) i. 14,004 .o
X 50 X 162 - X 550 I .
[ 2 - .
j. 12454/65 ’ k. 1368 gr./3 1. 654 & 24
. /J. ‘ 4 . w?,
{ . ( . “
. - ' N 4 ]
; - TH & A
» m. 30481 + 21 . Ve R S SO
. . - e e T "i‘"—_: ! “\_“
L BN S J . o )
N . ~\ |‘ N - B ‘ / ‘ g » 3
. - + ) s v IR
\‘I-E . 1’5 B £ [
ERIC § /
T ; . /
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Lesson 3.

q

Decimals

fraction wiiose denominator is 10,100,

any highe

one wholel/t
been 'cut o

ng.

power of 10.

<q~

f

1000,

Lo e \

ivided into a number of equal parts. For
example, the following circle is lelded into four equal
parts

" One of the parts of the circle is sheded.
may be represented by the fTwdctidn YA

This'part
The remaining

parts may be represented by the fnacthn 3/4.

part of the,fractidn is referred to s the numerator a d

. The top

. A . : . ;
al’or decimal fraction.is - special kind of
10,000 or
A fractlan nepresents a part of
A fract10nt1nd1da§es ‘that something has

1 4

; .

the bottom part of the fractlon\;s called the denominayor.

3

[ g

3

4 ~Z--Denominator

2---Numerator

.

.
.

.

To lllustrate & fractlon as a dec1ma6 let us lotk at

cpeveral examples

The place value in

n

100

Sl

means

means

2 + 10 or 0.2

’
+

4+ 100 ox 0.04

Table C.1 v

~

o

“u

-

decimals is shown®in Table C.1 .l

. Y

i e

[
’

-

>

=

-

.

. * =
Ten-thousandths.

N
N
-~

W

1

L4

1

o[lenths

+Hundredths

quhousaﬁdths

1
e

1

cHundred—thousandths

. |oMillionths

-10-

.

e —— -

-

o e

. .

— g
Tn the above number 1t can be seen that each dlglt has a =

VA

.
?'—'_‘ - ———




_f“—‘ﬁ—ﬁl_‘g,—
—...—specific place ¥alue!. J.®. .9 méans 9/10,- .0k Wé&ans '4/100, . - f»
© .007 means 7/1000 et¢. All the numbers could be expressed °
as fractionss and-added together.. This“would give the .
number shown. ) ’

Again as with who;e/éumbers decimals must also be
rounded off to indicate the accuracy of certain.measure-
ments. The same 8ules for wirole n¥nbers also apply to

decimals. ‘-
v Examples. ¢ . .
- 4.1073 rounded to the nearest tenth 1s u.l:_’
. 8,47 - rounded to\the.nearest tenfh is 8.5. .

. . Note that all decimals are dropped to the right
*.of these requireds | - )
- " v \ .
»80.5123 rounded’ to the nearest .thousandth is 80.51%2.
0.00754 rbunded to the pearest thousandth is 0.008.

v » - . -

" Addition . ) L. ~ . )

Decimals are added in the same way that whole numbers
are added. Since only like decim¥®ls can be added,. that is
hundredths to hundredthns, and .tenths to tenths, the numbers

’

‘are arranged in agvertical column with the decimal points

' directly below o another. . .
Examples. - )
E— : - \ .
« 4.670k grams ) , ) i
+ 0.7430. grams
5.4131 grams
‘ -7 - wo
k ‘ 0.284 In this exarmple zeros may  0.284
"* 5.6 Jpe added in order to keep - 5.600 ¢
+ 25, ' the numbers-in t proper +425.000 .
R R , columns. % ’ ' o <
-h ' «€ - ’ 30.884 -
'Subtrapéion T ¥ . v

A - e . . L 4
‘ - Dectmals .are subtracted in the same way that whole
Pumbers are subtracted. “o R
Examples. e \

. J u8,5~m1 ‘ 6.20 Answers may also be o
. .z 18.7ml - 0.43 -—checked+by—acdtetamr—r:
g . TT28.8 ml - 5. 77 T
, -11-

v 1
- : oo 17
. .
.
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Multiplication : )
. N » . . .
In multiplyins decimals multiply as yo@ do whole _ 'i '
numbers. Then, starting at the right, mark off as many -° ° : ‘

plates in, the product as there are in the number's. multlplled

— »

" Examgles v - j '
£ To2.46 (2 decmal plages) F . e .
. co DX 8 v 8Y(1 decimal place) L . . ’
1.9%8 (3 declmal places) 7 '
<« W 261421 (3 decimal places) e ‘
‘ - X ‘42 (0 decimal places)
£2 842 ‘ . .
. 1056 8Y4- . -
©, . 1109.682 (3 dec1mal place$) .
. I - i _ /j . .
4 25.43 grams X 180 =. 2.5.43 'grams '
: ;- ;& 100 . 2
‘ ) F: OO 00 ' L B . \
o - - ‘ 000000 T, o o
J : SR o B T T r .
L : “o 0 .| #+2543.00 grams . ' . y ',
Ly : Yoo ' ‘
j } - .- e or- . . K ’ ,
. . . 25. L+3 gramg . . .. L
‘x‘1oo' ‘ D A
: 25“3.05 /grams! ' ¢ "
- , . ' .
A Alyays be sure that Ihe numbers are kgpt in the -
o § : _proper \coluntns .
. - _ w T ‘,«' .
®pivisioh” . - . , , +-

’

. r

- - When dividing a dee® al by a/decugal the following
; steps should be follow d. N S .
; 4 ‘ : - 1" "Mové' the aec:LmaZL po:m"f—of the lelSOI‘ to T
' ] ‘ the rlgh{*\or the last digit and indichte- .
: - ‘. .. where€ the new ,decrmal point will be.. w
L ’ -
/ ) 2) Move the deelmal p01nt of thé . d1v1de‘nd to '
A ~ the ‘right the sane number ‘of places as
- -+ - :-the dec1ma1 point was moved in the ‘divisqr,
‘ . S .. annexing -zeros if negessary.
- ; L} . .
, ~ M R * Y - <
) , ‘ . /
~ | L4 - . . N
. - " 'l , ) . . . A
,l . 4 13 "




* i *
. ‘ . A - Y-
\

' R s . \ ’ .
R B ‘.w._‘_n__.-Aw_«»——'w————«— e e e e o e - A TR
.3) _Place the “decimal point in the quothnt -7 .
dlrectly above' the- new decimal. p01nt in the / i
dividend. . o ‘ Ty
- i / - *
v 4) !£v1de in the same way .as 1n the lelSlon qf e
* “whole .numbers. . . ' .
. Examfles. S S ' e e
B . ., . I}u(——Quofﬁent . ' e’
- . 36.85/8.9 = - 8 .5 6 ,8.50 &DlVldend o S, N
: ' Divisor 35 6 - % vo- - A
Y 125, 7 ' :
. .. 89 LA
Vo . LI —'-—3—6_0~ ' | 4
- , I K . ~ .
‘ Checke™s -+ ) e e . ‘ S
» . . | ' s, s ‘.
) 4,14 " o, 08 S \ ‘
X- 8.9 ° eyt , .y
. . 3726 ' .« | ! .
. 3312~ L ) . )
. ®. 738855 . A ' .
v : + . 70 L ‘\ " ' s o, [y
- %mo wo e BN U
v . ;. . ,. . . , Y /

.
. .

" The qumber of ' places that thg(answen should be .
o carried out is’ governed by the)accupacy oﬁ.th$ o
C o méésurlng devlces.. vt ' ©n .
. T, ' o " __\l47%grams " - S
o ‘ 42 gr'arns»/281+ = 284 (42, "o'oo' ‘ NI .
r. o . 13 60 H“ ' Co L.

T 11, 36

"% 0.147 rounded to the nearest hundreath would be.
qu 15 grams. .




L N L , EXERCISES™ . .
< . A

S N

e I. Round the following numbeps to the nearest éen;h

N -

4

= A

- a. 26.423 - 0T A ‘ :

«

_b.. 2.15 . : .

ce 624.91 ‘ . .

»

-

2. Round the. f6llowing numbers to the nearest thouSandth: :
; 43, 0.689% . S _
. b. ,0.00213 A, | e
V. eu.23555 - ] 7
L Peffdrm'tﬁe indicated, operations: .
" a. 5.62 gr. b, - 24. 89 gr. c. 48.7 ml E -
. + 2¥Fgr. . + 39.78 gr., - 3.8 ml e
- ’ ; ‘ ‘ ‘ ( i
N v .

e

. * - ~ . -
d. 24.6291 gr. e. 24,62 . £f.. 264 m1 . _ ’

; =21.9764 gr. - x 21 x 10 .

. * . ~ .
\ . -
. . 2
< . - .
. , '
. -
.

‘N .“
g. 10.62% ., "h. 2.431/0.8 i. 92/104
X 48 : X . . N )
. t . '
UL VTR Y . U e
. .
! ) . '
5 ~
/
<14- o 20 :
I ) v - .
P - \ ~
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Lesson 4. 'Formulas

*
B
! 1

\ . !

' A formula is an &quation .that’ is
ematical expressions. In using formu
of whole ‘numbers and.de¥imdls are‘inc
of -addition, subtraction, ,multiplicat
glso included. An equation is a ‘stat

. 1s equal to a second expression.

Te

¢

) ExamEles."

. -

. @& * b =~-c is an equati

"If a *.4 and b =3 then c = 7. Expre
then- 4.+ 3 = 7, ne side of an equat

the other side. gemembgr also that t
which mathematical*@perations must sbe

-

I3 -

Mixed Operations .

Bies To solve exaﬁples contdining par
within-‘the parentheses and proceed in
parentheses and im ‘examples without p

from left to right before doing ‘addit
- e | 5 !

k)

Examples.

o ~

l. 3 X6 -
: T 18

[} . .

2
2 16

! &

P

figrmed

which is incorrec

- s, .
. If the subtractiion hadsbeen pe
. would havé‘been 12,

IS .

+ 120 - (7.+ 3)]

on

. .

used in splving math-
las, comhihations
luded. THe operations
ion and division are
ement that one expression®

‘e
.

” ~

ssed as an 'equation
ion must. always equal
he eguation tells

performed. ) r
1 ' ~ .
gntheses, do the work

.the, usual way.,« Within
arentheses do multiplication
ions and subtpaction.

1]
v

\

first ther the answer
t. . = .

2. 54 z ,
. 32514 + [20 4:(10)/3 . , ) o
r =54 ¢ [20 X 10) :
= 54 %10 . . ~ .
= 5.4 o’ ‘ .
- A ?
. / -
S 3. (22U 273} ¥ § . . e -
*’;.;fw Sy '}' 2 * : » - . \’
.“f-' ’\_- . Lo vy - )
, a) - 21 X 6 .
- ! 2 [} - .
.V’ » ' ‘ /) . ‘.
! ’ - . ‘!t \ Y
S ' e e e . _ [ ¢ .
. - ’ | n2 ' ‘




Next multlpllcatlon or division may’be

- -performed - o o
b) Multlpllcation lot . 126 < "63
BVEEER '
. - 3 ‘,
c) ) Division 1st 21 X @ 63
: . ﬁ'_:\' .
L4 ' 1 K ) : L

Cancelling :actors in step 5 is an allowable short cut
It should also be mentioned that cancellatlon of units
may be done 51multaneously. . .

4. (221 - 62) (24) |t

v

6
. Y
.= (159 (Zw) ' . 636
" S ( ‘
1
h ) v
. 5. Given the following equation. -. ' .
. , ' 0 .
A = (B-C) -
,D ‘
and the values , .
7 .
B = 24,736mg
-C = 24,720mg
D = 0.05 liter ' .
. SoIQe the equation.for-A. T
"a) A = (24,736 mg - 24,720 ‘mg) . .
- 0% Iiter T .
§ A % . . . .
. = 16 mg- v, :
- .05 liter '
= 320'mg/liter Pt ' -

-’

..Notedhow the- units were carried all theé way’
' to the final answer. . o

, .
4 gl




- EXERCISES T
| u | . . . - ' L .
Solve the following expressions: . Co.

a. 21 + (62 - 3) = - ‘

b. (6 -ﬁz)’(lag: 9) = .

1. » .‘ /

.

c.

(21'x 3) + (6 + 25 =

¥ . .

[4

d. (22.4 - 21.1) (100) . ) .

' 50 ' : Y

Given the fo‘llowing formula:

A = (B=C) (1000) L .

D e ’ )

- Firid A, when B °
. , o
D

24.6239 grams'
"2&36137 gr‘ams{
50 ml - .

-

3. Given the 'formulajx: )

A =B XC/D
Find ‘A when B
C
* D

,20.1 ml. :
0.0375 N - B}
15.0 ml

"o
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o . v Lesson 5. K Percemtage ‘-

+ A 3 .
, ’ Percentage is a term used to denote thatsr a whole '
/ © quantity divided into 100 equal parts is taken as the

gtandard of ‘measure. -The word percent means per hurdred.
' The percent sign’ (%) is the symbol for percentage.
. . L
Examplgs- ; ‘ ) C e ‘A
+ 1. A ballplayer-had 30 hits per 100 hundred

. ‘ times at bat.. Therefore he had 30/100
- . . » (30 per hundred): or-

oe

- o ' Iop .X 100 = 30 "
Note!! The expression was multiplied by
< ' 100 to arrive at 4 % yalue.

' 2. A hunter hit 150 bullseyes out of 300 shots.

Therefore . :
. - 50 - o -
3 . %
B # 1 - ) P

Fod

. Effic1ency .measurements are usually expressed in terms
of/percentage such as: -- ‘
{
i 220 pounds of pollutants were coming into a
: treatment plant and. 20 pounds were being dis- '
! . . charged. What is the efficiency Jf the plant?

e . ’ » 5o

. Then: 220 5230 X 100 |= % Efficiency
/

/ o

.91 X 100 = 91%

) Efficiency is sometimes referred to as % removal.




4

\ Y .
A basic equation for calculation of % removal is:

.
-~ L

‘ . > _
- % Removal = (A-B) ¢ 1qq )
, A .
.+ A = Amount-or concentratlon of a particular \
constituent in the ifAfluent. -
.« ’ ¢ - . : ..
v B = Amount or concentratlon of a partlcular ' N
. ¥ . ., constituent in the effluent. .
E ) - o
2x ‘K
References =~ - . "/ v

{ -
»

"Mathematics, A Basic Course”,'Dever &€ Sulten, Cambridge Press.

a

» B Lt
"MathemaiichMade Simple", Doubleday Co.

"Ba51c Mathematlcs", Volumes I-V, Daniel Borréw, Encyclopedia
. Brittanica. -

>
)

-
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L , .
¢ ’ ¢ F ] N . 3 * ...4
- 1. Express the following decimals ‘as perc#ntages.

s : - a. 0,02 . - R

[

‘ - b. - 0.92 ,
c. 0.ul
- * v- * _/‘ o
. ‘ - .
.
2. ~Solve the following expressions = T

K a. 4506 - 21 [‘
) \H—SOXIOO

~Express the answers as percentages.

. ) . -
- . 4
* ¢
'\’/
= - . N
L
. P
.
4 .
. .
» b . B
v ~
v ,
- = ‘ i}
o, .
. - AN . ’
N L d
5
\ .
v L]
¢
* Y- ]

' -
N
o .
!
.-

Qo .
4E MC ' .. . : x 1
P . . L. I '
. .

- I
Y .
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‘“ , - ANS-WERS , . ) “
- : . Module 1,.Lesson 2
» . R '. 'J
) The Metric Systenm Ty
l- ml- ’ . s ¢ R - I

7. kils = 1,000 C : .
centi 1/108 or 0.01 - . Y
milli = 1/1000 or 0.001 - : 9. )

X 4 " . - M

3. ZOOC-— . ! ' X - ‘

a
o
«

K4

4. 1 liter ' ‘ -
1 meter,

. ) C . *
. Lesson 2 ‘ ' >

A\ «..Whole Numbers . . = . s . ‘ ‘o
. ]_‘. a. JWO-OO . .- . ". . “
b. 2,300 . . . . .
c. 7,200 . : : o o .
d. 10,300 . .

2. a..13,000 - - ]
b. ,000 "' ) ' : -
C. 97,000 * : )

a. 179 gr. . N
b. 1,060 gr. - ‘

c. I82 gr. . .
d.. 1,484 . K I
e. L+2831+ . N .
. f. 13,296 gr. , . \ .
..gA 12,700 ml. . , .
h. Bu9,204 . -y ‘ ‘
"i. 7,702,200 . .
j. * 191 35/85 ‘ \ '
k. 456w grr.’ | . T
1. 27 L/w ™ O - S P

. .m_:»( : /1«65 l?/?l f\\ '\ PR o g - )
’ [ 4 . < . -

-




(\ ~ .
’ a -) ﬁ ’ ' s ANSWERS ' a- -
’ -t Module ], Lesson 3
w -
Decimals : P
<. 1. a. 26.4
b, = 2.2 N
- ¢ ¢t 624.9 ’ b
[} . ‘
, 2. a. 0.689 ‘ : .
b. -0.002 o - :
_c. 64.236 e
37 a. ,5.91 gr. -, ‘
b. 134.67 gr. | )
’ c.' 38.9 ml. . v
d. 2.6527 gr.
{ e. -517.02
« £f. 2640 ml.
g. .2995 °
, h. 3.038
i. l881+ «
j. 36.05 B ' ’
N . - . »
.  *Lesson U4
‘, . . . ) -
‘'Formulas ,
. l.,a. 380 et
b. 12 . -
¢..- 7.87
h.‘, “d. 2.6 .
A , . . ’
) ? 2 0.084 grams/ml £
® -
3. 0.05%N .
L Lesson 5
T Pezjc;én‘t'age
N " l.a. 2% . e
: b. 92% % .
c. U41% o
2. a " 95% ..
- _b. 91%
' : ) ) .
» ; . . ’
‘ * -
L22- ™ . S '
V" - A ° ¢ )

>~
>
L4
yORE
-~
4
S 14 ‘.
.
1Y
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3 ‘ MODULE II,

CHEMICA},  LABORATORY

.
EY B

- The analyses required under the permig systfm,
will ‘for the most part be performed in"a chemica: laboréépry.
The sections-that follew will cover thHe basics of the

chemical laboratory. . : . .
A. Safety : .
B. Bench Sheets and Notebooks * )
C. Labeling : : o .

D. Names and Formulas of Compounds
‘E.  Care and Use of Equipment
F. Matfer
*G. Solutions’ )
H. Use of Laboratory Balances : ’
. I. Volumetric Analysis . ) X
The format used fpr part of this section is referred to
as Standard Operating igp,fmmcedure (SOJP). It has been
modified Hemewhat .to me€t the néeds of this laboratory
course. : . 7
Lesson 1. Laboratory Safety
,"‘ - “f“‘l'
-Learning laﬂoﬁgtdry safety  habits is someéthing 1like
.learning to drive an automobile safely- = at the start it
. takes deliberate 'effort, but when properly.dearned it
becomes "almost sicond-nature. Safe practice in the 4 )
aboratory requires hardly any more effort than unsafe
“practice, _ahd the important results are preventipn of /
injury or damage.' The laboratory is provided with ‘ _
equipment designed tq help prewvent accidents from occuring
gnd to prevent or reduce injury Pr damagle if accidents
shou¥d .octlr.” You must use the equipment provided for the
prevention df accidents (such as safety glasses and fume
hoods, ete.)i ¢It is also-necessary to know the'location
and underdtand the operation .of safety equipment for damage
reduction.-due to accidents (such as fire extinguishers,
eye wgshes, etc), - D )
. The safety equipment and procedures for 6perating
follow' in the next sectien. . ‘ IR .

+
— LY B =

. ¢ /
N % ‘, -~ . ,'.'/" R:‘,’




BASIC LABORATORY SKIELS: CHEMIEAL LABORATORY

.

OPERATING PROCEDURES

STEP SEQUENCE :

‘TRAINING

GUIDE NOTES .

A. SAFETY

1.

Safety Shower Burn-
ing Clothing or
Clothing Wet with

1.

L
L]
4

Pull on the chin.or ring

{as shown in the diagram).

Corrosive Liquid . ' '
All L
. 4
’ -2
\~ i
4] . -
L -
O
2. Eye Wash 1. Remove safety glasses and

Corrosive or lrri-

tating Chemigal in
Eygg. \

bend over until your eyes
are dinectly in the dual
streams of water.

. Rinse- thoroughly until 211

of foreign material is Fe-
moved.

la.

1b.

lc.

la.

2a.

-

INFORMAT ION/OPERATING GOALS/SPEEIFICATIONS

-

Water will flow at a ver; high rate and continue.-

to flow after you release the ring.

If eyes are affected, look up toward the shower”
head to flush them.

If clothing is soaked with toxic or corros1ve
mater1a1, remove your clothes. ’

I

-

Hold eyes-open with your hands.

"

15 minutes is the’recommenged minimum time.
[

‘ " -

[

II.

e
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- BASIC LABORRTORY SKILLS: CHEMICAL LABORATORY < , .
\ - Y
N e , ¢ L4 N N
e _ — z =
OPERATING PRCCEDURES ‘ STEP SEQUENCE INFORMAT 10N/ OPERAT ING GQALS/SPECIFICATIONS GG?G%”,&B‘?ES

——

3. 'Fire Extinguishers
Carbon Dioxide and
Dry Chemical Type. s

-

4. Fire Blanket «
_Burning Clothing
T ~

. )

1. Remove the-unii from itsni
mount and bring®it close
to Zhe fire area.

o

'2. Pull the regainer ring.

3. Point horn at the base of

P ' the fi;ef -
4. Squeeze t@e handle.

1. Pull rope on side of
cabipet. ey

-

.

2. Begin unwinding blanket
and wrapping person se-
curely inside. !

la.
1b.

1c.
. for paper, wood or other commo# combustibles but,,

Carbon dioxide extinguishers: may be used on both.
electrical and chemical fire.
If a pool of burning liquid.is involved, the dry -
chemtcal type shou]d-be used.
Fire hoses and "soda-acid" extinguishers are good

are not good' cho1ces for some chemical fires and ®
would never be used ‘on e1ectr1ca] fires.

Ed

IIl.
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BASIC LABORATORY SKILLS:

“CHEMICAL LABORATORY

MUST BE WORN ‘AT ALL

TIMES IN THE
. JORY.

BO

(Continued),

tory, obtain a pair of
safety glasses and wear

1b.

plastic or of hardened safety glass.
Safety goggles are made to fit over regular
‘glasses. .

. ] - 1 . *
» . ) ’ . . - / MY BN : .
. — . ) . . ,
C'\esz; y TRAINING
. RATING PRCCEDURES STEP SEQUENCE. INFORMATION/OPERATING GOALS/SPECIFICATION6 - GUIDE- NOTES
2 ) ‘5. General First Aid . General first aid instruc-| la. In addition to treatmént of minor burns and cuts,
3 Kit - Minor Burns tions will be available on the kit should contain medication to neutralize
¢ .and Cuts. - ’ kit and should be -f811owed. the effects of,s toxic materials. Lt should b
‘. - - also contain chem1cals_to induce womiting as well
as substances té help revive fainting victims.
6. Fume Hood Venting . Check air exhaust system. la. The hood as shown is similar to most 1abo}atory . Iv.-
" of Toxic, Flammable . benches. It will include a s1nk, water sp1gots,
and Unpleasant Va- . gas and electrical services. The hood area,1s
pors and Dust. * enclosed on three sides by a solid barrier and 4
¢« at the front by a safety glass’ shue]d which may
be raised or Towered.
. Wn on fan arti close front \ s,
- shield to within one inch |»# s
- of bench top. .
" ’ . ‘The air flow fnto the hood . ’ .
should now be strong enough g
! to cause paper to "flap in ’
the breeze" when it is > held /
in the opening. -
¢ - . »
- ’ ’ .
\-. M L] ~ 4 ‘
) 7. Saféty Glasses . Upon entering the labora- la. Safety glasses are usually made of transparent

'35




"BASIC LABORATORY SKILLS:., CHEMICAL LABORATORY

b

L

| ; . TRAININ
OPERATING PRCCEDURES STEP SEQUENCE GUIDg :ﬁoggs

7. Safety Glasses ’ - )
" (Continued) . T K

8. Vapor Detection . Do not Hold face directly
) over a container when
noting an odor.

. Fan a littte of the vapor
. toward your nostrils by -

) . sweeping your hanq over

. the top of the contaf@er.

v
9. Acid Burns . Wash immediately with larg
’ " amounts of cold water. ej

. Flush with a sodium bi- 2a. A 10-20%"solution is recommendéd. This galution
carbonate (baking soda) " can’be purchased commercially.
solution to neutralize the '
acid.

10. Alkali Burns . A 1 A .

v
-

2a. A saturated solution is recommendéd. This solu-
. tion can-also*be purchased commercially.

-




BASIC LABORATORY SKILLS

CHEMICAL LABORATORY N v
’ »
- TRAINING M
OPERATING PRCCEDURES STEP SEQUENCE INFORMATI0M/OPERATING GOALS/SPECIFICATIONS GUIDE NOTES
11. Acid Dilutions 1. When d1lﬁiing any concen- ]
o trated acid especially - ; . .
. ! sulfuric acid, pour the
_acid slowly into the water.
» NEVER reverse the order. .
(Steam may form with ex- ’
. ~ plosive violence.) - .
12. Specific Regulations ’ 1. Read the label twice before taking anythving from - . /
that Shoyld be Fol- ’ the bottle.
lowed in the ) .
Laboratory 2. Never return unused chemicals tq the‘stock bottle
3. Do not insert'your own pipets orf medicine droppers
’ . -into the Feagent bottles
o .
. 4. Do not lay the stopper of the bottle down in such
a manner that it picks up impurities.
- 5. Do not heat heavy glassware such as volumetric Y
flasks, graduated cylinders, or bott]es, they . -
-break easily. \
\ ; - . , )
v 4 i - ’ >
\ /
1 Ju .
7

-28_ d "\ hd

@

'JH"'




' *TRAINING GUIDE NOTES —
3 \ \

4

Safety Showers® ’
\

The valve handle of the safety shower should bé rigidly
fixed and plainly labeled. The valve should readily open ‘in’
either direction an& remain open until intentionally closed.
Water flow pressure must be sufficient to drench the subjects
rapidly. The shower area must be kept clear of obstructions
and drainage provided where possible; tempered (not coid) -
water of drinking purity should be used in ‘safety showers.
-

II. Eye Washes , ~ g .

.. If emergency eye-wash fountalns are used, they should deliver’
a gentle ow of clean, aerated water. A hand-held eye wash

spray with a’5-foot hoge is more adaptable to unusual situaTions;
including.head and body splashes, but should not be.located ’
where it can be contaminated”by waste materials. “Eye wash

devices or hoses should be flushed dt“least weekly. It must

be understood by all that eye protection is infinitely more ffr

meQpIgnI than gve washes.
\¢/q ' )
i . ¢

III. Fire Extinguisher§ " o .
- @
Fire extinguishers*in the laboratory should be-appropriate
(up to 10-1b. charge) for rapid use.- There should be at least
one for each-work’ bench. Dry Chemical (pressurlzed blcarbonate
powder) fire extlngulshers -may be preferred for gertain areas,
but carbon dioxide is satlsfactory for most small fires and is
cleaner to use. Extinguishers should, be recharged promptly ‘™
/ﬂ%ter use or whenever regular monthly weight chéck indicaes L'”
more than 20 percent loss of=carbofi dioxide. Dry chemical powdew ™
extinguishers can be repweosurlzed when slightly below no mal
. bressyrew If, however, the pressure 1s substantially 1
than the operating pressure, the extinguisher should be serv;ced
to correctra leak. At least one large back- ugbflre ei%angulsher
6f 'dry chemical powder type should be conveni ly Jocated
outside each laboratory ’

-

A

i

Fume Hood . M \ . ,

~ 4

Fmme hoods should be sufficienfly effective s¢ that substahces
With strong odors, such as mercaptans and pyridine,' are not 7
detectable by the laboratory worker.. A 100-linear ft/min flow
\ LS




| =t . - » . ; . A . -‘
- ) - i : . - . -
. -,af’ a sténdard -height above the hood gurface of -the open hood
,-»1¢ the'minimum that 1s considered satisfactory. Flow varies
. - ® markedly near the surface. {(Velometers should be uséd to supvey ‘
+, " hoods on a vegular schedule and the results posted  on the hood
A" face.,) [Fans should “be locgted on the roof:so that all ductwork
. in the building is under megative pres\sur’e.] «
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- Bench Sheets and‘Notebooks,
r * . .

Lesson 2.

In any labefBtory analysis it ig necessary that the records

of all work performed be kept in a_logidial order. Bench sheets
are used for day te day records of "specific parameters such as
Biochemical Oxygen Demand (BOD),.Suspended Solida, etc« A
i sample BOD Bench sheet is shown helow. . a
. . BENCH SHEET B.0.D. DETERMINATIONS .
?SAMPLE SOURCE /DATE BOTTLE INITIAL FINAL DEPLETION - % , B.0.D. =«
| - . , , o
‘DATE'COLLECTED IN OUT _NO. D.0- |D.O. MG/L DIL. | MG/L
~ L' )
. ’ ‘ N
| ;N
CoT 7 ~ - : :
‘:A) [ . ;/
. /,
—/‘ ‘ l
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The information that i1s contained on#a bench sheet should

1nclude ‘the follow1ng . o .

s

"1, Date

Always record the date the sample was taken., It is further
recommended that the time also be noted, since comparison
with other data will be more,ﬁg;evant. . v

-+

2. Sample Designation

5y This should be included so that ‘the exact sampling point
is known. It-is recommended that a rough schematic of the
plant be avallable so that the sampling points can be codéd.

i.e. Influent #1

Primary Effluent  #2 ‘ o ’ ?
Secondary Effluent #3 :
Final Effluent #u . LK ks

On the previous Bench .Sheet, enter the,followingkinfbnmationt v

in the proper. format. A sample of final effluent was taken _ .
from the La Plata Treatment' Plant at 9; OO a.m., Decembe? 19, 1973
for .BOD Analy81s . e g !

*

A

The type of sample, wHether it be grab Qr composite should
" also be recorded., It should also be noted whether -or not as -
preserVative was added. If it was, then the _type and amount v
should.'also be written on the label. - .- e b
. Y L . . v

3. Equipment Designation - . ‘\

The equipment that is used for a paﬁticulaf analyéis i}
must be coded in such a way that it reflects’ the exact sampfgd\\
For example in the above BOD analysis, eight boxtles w1l%,b -
used. Their numbers will indicate thein 1deﬂx;f1catlon -and
shouldycorrelate with the Final Effluent sample..- Ente the eyt

« following numbers on that sheet, 62, 114, 178, *28& ~%l v -
48, and 101: If we had been sampllng all four points in '
the plant and used eight bottles -for each p01nt then thirty--
two numbers would be recorded. Therefore 1t is absolutely y
necessary that the equipment, whether’ 13 be BOD bottles or
crucibles be recorded accurately. A

4. Raw Data . ey
. —_— /_,..
This typé of informatidn includ Sewéfghts, volume of sample,
etc. In the above exqmple thé rawsda would be Initial D.O- ’
“and .-final D.O. . -

In the abover sheet the follow1ng results weré obtained: -
. ‘ Initial D.C. I'\],nal D 0. t *
. #M , 8.3 *" e . * {.a. , -

*ﬂlu y - ) 14 2 ‘ »owe

Enter these nun;ers on your bénch sheet. -t "
Q - ) . -33-
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The use of bench sheet and notebooks then is desigped; so that 'g.
_ . we wilk have a clear and concise record of everything {hat is

day récorq.keeping.

When' the results have been tabulated the bench sheet should be
placed in a permanent b'oger for future reference. . \ !

» /

The laboratory notebook is also a necessity Icr the la“-ratory
worker. Its purpose is to_have a permanent recdord' of all
phases of the analysis as it was performed. It may appear
that some informdtion is being duplicated but feor the most par:
it will include the additional information necessary to make

. ' the analysis complete. In addition to the five points previously

covered, the follawing information should be included in the
notebook. - « }\ .

=

6.. Observation of Abnormal- Conditions

-

- "In a suspended solids determination accurate weights
&of crucibles and filter paper are aﬂ%olutely necessary. If-the . %
. type of balancewsed in thé analysis is changed, it should be
(recorded in the notebook. If in_ the final weighing, the crucible

1% ipadvertently touched with the hands, this should alsq, be
,recgrded. Many variances in final results can be found by
simply referring back to this section in the notebook.

. ; i - . . L
7. Calculations ' ¢ . 4 N

I

In the computation of the final results in the previous

' aqalysés,athe maqgér i? which they were arrived at would be
included in the nvtebook. _ ‘

For Example. _
Initial D.O. -,Final D.O. -
8.3 - 4,2

Dep}etioﬂ (mg/1)
‘ %.1 mg/l - - k

A ?

A BOD (mg/1) Pepletion .
. -~ ’ » . % Dilution (as a decimal)
] ‘1 ) o

\' “ l‘ ;50

= 8.2 mg/l - L

N

pertinent to a certa’in analysis. Do not rely on your ‘memory’
for specific, details such as: Whigh balance did I use?

¢

Whé,t crucible was usj for influent? Where'ig_the paper towel

that had the Initial 3 0. readings? "«The bench ‘shéet:and.notebook
. shoyld be the only t items*that you need for your day, to “““«hhg .
[ *‘

A~ <
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o™
R -~ Typical Labbr‘é'tory Data Sheet . -
- Fa fo‘r '"» ] )

‘TOTAL SUSPENDED (NON-FILT‘ERAB‘LE) SQZIDS, mg/1iter

14

3 'i‘ Ll

Name of Plant ' ' 5 y/ . , v
> S . -
STEP SUSPENDED SOLIDS 4 - SAMPLE " SAMPLE SAMPLE )
B.2 Identification w INS #1 1
B.2 Type (grab, etc.) S GRAB 2
B.2. Date & Time Collected |, ' . ' 5/1/74 0900 3
B.2 Sample Col]ecEg¥> . |Tom Sampler 4
C.4 Filter Identf%icat}on ' ‘ - WG2 15
CE.? Date & Time Analysis began : - . Isy1/76 1100 |6
£.8 ml Sample Filtered o 67.0 7
. 1st weight of Filter* . . b
H.6 plus Residue (g) . A 10.1426 8
: 2nd weight of Filter* . . .
1.1_0 p]us Resildue (g) - . 0.]4T6 9
.13 |Difference (1st-2nd) ' | © |o.0010 * 1o
2 3rd weight of Filtern* ’
1.14 plus Residue (g) ‘ 0'1f13 1
‘1.14 " |Difference (2nd-3rd) L. .« 0.0003 1z
Final weight of" Fi]ter* .
1.} Tlue Residue 10) o ) ) N R VEE! 13
c.7 Wejght of Filter* (g) ] ~]o.1293
! Fimd Difference (g). by subtracting |- . :
K3 Iline 14 from Line 13. : 0.0120 15
. | Divide'to 7 déeimal places: . F ) , - .
K.5 ' (Yine 15) .difference (gq) b ) 0.00017914 16
i line 7) ml sample filtered . _
K7  {Miltiply Line 16 by. 1000 000 L 179.1
| (move decimal point 6 places Rt) 4 . 17
Round answer on Line 17 ) o - T 1
5'? _} to nearest whéle number . /r( ’ : 79 ma/1 18
R ~Anai§§t . ’ . Mary Analyst 19

*‘é11ter means the f11tef disc if a funnel type filtration assembly is used. If Gooch
crucibles are used "filter" means the crucible conta1n1ng a f1}ter disc.

P ' .
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Lesson 3, Labeling

When a chemical or a piece of'aquipment is used for a
specific analysis; 4t should have some type of identification.
When you prepare a chemical from a .stock container (purchased .
%ggn\a supply house), you must identify that .chemical properly.

he stock container will have all the negessary information
“on its label. A generai,formgt for labeling reagent bottles

is as follows. .
- . . ) Chemical .Name '
Chemical Formula ' ;
) Concentratiop ,
i Date - @ Initials =

In preparing a chemical reagent a, spetifitc procedure would
“Be as follows: |, e . ot

' '*}Rrepare a sWfuric acid solution 10% by volume by pouring
10 ml of concentrated 'sulfuric acid XHQSOH), into 90 ml
v of distilled wdater. Cocl the solution to room.temperature

and. transfer to a storage bottle. o .
The label should be: , ,/>
Sulfuric Acia =/ - .
.- . H,S0, -
- 10% by Volume ’ . -
- " v
.- - [ 12/19/74 : ' * JWTE T ,

All ﬁéceésary'information has been -included on the label tog//
properly ‘identify it. It t&kes a little more time but it i«

well worth it in the long run. .

Several labeling tools are available, and each has its
- place in the laborato®y. Most beakers and flasks will have a
hexagor space of ground glass which can be used to identify it.
QZ)A lead pencil should be used for this.type of marking.

Grease -pencils are primarily used for test,tubes. It should
be noted that the grease pencil marking will readily ryb off.
When porcelain is labeled, a special technique s#ould be used,
since the item will be repeatedly heated and cooled. An etching
device such as a Vibra-Groover , should first be used to put
either a number ‘or letter on the item. Next the etching should
be filled in'by rubbing it with & stick dipped in 1% Ferric
Chloride (FeCl,) solution (can either be prepared or commercially
purchasedf. The porcelMin crucible or other item is then placed
in 4 muffle furnace (Approximat@ly 600°C) and fired for 10

~ minutes. After cooling the porcelain gs ready for use.
Whatever labeling techniques you use,igi consistent, and remember
that the label‘'is intended not only for convenience but also for

“safety. .
4'7

’
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Lesson .. Names and Formulhs of Compdbunds~

.

Y
In virtually every chemical analysis, the name and formulds
of chemical compounds appear. Compounds, are pure substances
that are composed of two or more elements. Elements may be
referred to as the basic bulldln blocks of¥all substances. -
At present there are 105 element known. = TheSe elements ~
are shown in the .periodic table below.* - )

APeriodic Chart of the Elements .

e Atomic . ' ‘ hobie
,  Number Lad ‘ . Gases
b 1—1‘7 aET! ) Name T2
o ' Mrwu ! Sefom . : - i
g ) R . . ’*u.: t
H - Na ' ‘ |
1 A *< Symbol ¢ NIA VA VA VIA  VIA He .
s . - o, .
3 & ’ T s 6 Y 7 i 8 i g 10
t vipm Serpima ‘ : ,. T Swe  Lases [ AEFTY Tirgen frageag LI LI
- . ¥ - . ' |
, Li Be - , . / B € N O F Ne -
.o — . —_ - ..ty
1 o1 ~ . T3 ] 1 Tas a1
Swan  Hrpees ) - ; Moasve | Sricen ;ruwnf Sobw ' Dwerme | bg v
3 Na "’49 Jig w8 ve wviB  wvis —_ v‘m —_ iB e | Al S,i P8 Cl Ar,
- —— ' - - - MUV S

19 20 21 " 22 23 | 25 26 27 T 28 ' 23 , 30 31 32 33 s 357
CPasiem Couem letem | Tuws  nases Onews  Migaser e :wm‘nmimi‘zq [Py 501-:-1\- Irua’im-—}'n.»:(lr‘.-‘

. K Ca Sc Ti-V Cr Mn Fe Co'Ni Cu Zn Ga~GeéAs Sg Br Kr'

t

3 38 39 40 41 - 42 . 43 T aa a5 | 45 . a7 . a8 a9 0 s ) s2  ‘s3 | sa
' tetem  Sivstem Trae lrcomm ;‘.NI.: DMeyiemem Techsrion  Rilemsm  Rpeton C Piiiws . Sanr | Gras isewe E | i ‘

PR

, Rb Sr Y Zr Nb Mo Tc Ru RhyPd Ag'Cd In Sn Sb|Te | Xe

*’f PR . . —— - 4 - L + —— + N ' +
5 . s ,s7 72 73 . 74 75 7sl77l7a;79fao‘a1;82 .83 | B4 as:es

’ &Hﬁl‘ from  LA%eem apaem Tatien | Wwam Bhesem  Dimem  wewe | Putees oy, Merty | Dives ot ; Somed ¢ Pyrrne bwm fac "
. Cs Ba La Hf Ta 'W"’Re Os Ir Pt ,Au Hg T1- E’b Bi Po At Rn
{ . o , . _, g . i i
| 87 88, 89 104 108 R T \ -
} Fr omgrm Prtom Kt “im ’: Rorctz-  Manem M i
. Fr .,Ra Ac Ku "Ha_. $
\__; i R - = - /s
4 L5 Ts9 60 | & | 62 ~63 | o4 | 65 | & | & | & r,68 | 70 /o |
Lanthanide Series | ™ :”‘ ostyoe | Promeioem | Somarmm | terspen unn-:m—;mnmmi i |rm-:.mn-4 mm’{ .
! , | i 4
Ce | r'|Nd|Pm|Sm; Eu Gd| Tb Dy,Ho ‘Er [ Tm, Y. Lu |
; . _..f'so "e1 | 92 | 83 | 84 | 85 | s8 , 97 ) : 100 }1617‘ TN
7 Actinide Series | "™ M| Wien : lyvesn | Pumes | b cum | Cum ! i}ml 5 fumee 2 l {l,-.,,u:i
i i g i
. 7{L~“Thi Pa U Np|Pu/Am Cm| Bk Ct ! Es FmiMd o Lr
. c— - - —a- | SRR SR ¥ J '

- L_._ ______ I |

- * Takeh from: Foundations oﬂ College Chemistry, Thlrd Ed. / by
Mdrris Hein, Dickenson Publlshlng Company, Inc., Encing/, California,

i . . 18 .
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Each element has a p4§1icular symbol, The symbol is "
an abbreviation for that element.: *The elemehts

+numbered (located above the -symbol) 1 through 92 occur’/
naturally (i.e.fcan be found in _earth's crust, water or
the atmosphere). Elements numbefing 93-105 do not occur
naturally but have beén synthesized in small “Quantities in
"the-laboratory. The symbols that are used to represent the_J/
- elements are also used to represent compounds. - For example.

o ‘ the compound NaCl represents tnie combination of sodium (Na)
(#11) and chlorine (Cl #17) and its name is sodium chloride.

»

,,\~ .

All ®he chemical procedures that are included in this 5
course will glways refer to a compound with its formula’
and name together. For example: Prepare a 10% by.volume .
sulfuric-acid (stou) solution by .. .. Weigh out 186.15
grams of sodium thiosulfate (Ja28203) . . .. In several of
the chemical formulas, you Will note that subscripts are used.
The subscript tells how many atcms of that element are -
contained in the compound. In water (HgQ)-there are two
atoms of hydrogen and one atom of oxygei The subscripts 7
help to differentiate’ one compound from other. The v
compound hydrogen peroxide (HZO ) although similar to water

- 1is obviously not the samé€ since®there’are 2 atoms of oxygen
in the peroxide and ‘only 1 atom in the water. .
[ ]

In choosing the proper chemical for an analys®s, it
cannot be overemphasized that the name and formula that
occur on the label of the chemical must match the name
and' formula in the procédure that has been given. Several
names may appear to be-correct because of similarities in
spelllng,such as:

r S

sodium sulfate Na 80, and i
sodium sulfite Na2803. . 4

»

These are not the same. The sulfate compound has one more

_oxygen atom than the sulfite., Another minor spelling
vdriation wobuld be pota551um nltrate KNO3 and pota551um y
nltrlte KN02 What is the difference here?

Ahother variation and, in fact, a very 1mportant property
of compounds, is “the addltlon of 'the word anhydrous to the
name. This-means without water. The chemical has been )
= prepared (at the factory) without water. If the chemical
 does have water in it, it w1&l be referred to as a hydrate.
¢ ) f ~ 5 '

‘Lxamples. s

' Sodium Thiosulfate Pentahydrate (NapS,03 * S5H0)

. H




This means that the.compound has 5 water molecules associated
with 1t. ~Note:that the prefixes to the word hydrate are
mono, di, tri, tetra, penta, hexa, hepta, octa, nona,

and deca referring to the numbers 1 through 10 respectively.

Galcium Chloride, Anhydrous (CaCi2)
This means that the compound contains' no'water.

When choosing a chemical for a particular analysis, the
stock chemical bottle must‘be studied very carefully. It
confains a label that gives the name of the compound as
well as the formula. It also cowtains (CAUTIONS) such as
explosive, tdxic (pojisonous). The hazards presented by thése
chemicals d&re not evident from appearance, smell, or every-
day knowledge. Hazards must be foreseen and avoided. It
is safest to assume that all chemicals, even water if not
safely handled, can be hazardous. Read the label completely
and follow the warnings that are indicated. The habel will
also mention any adcditional storage requigements that might
be necessary for a partrcular reagent sucﬁ,ag [Storé at
25°C]. The purity of the ¢hemicMl is also indicated.
Analyt#cal or Reagent Grade is the hignhest purity. The’
amounts of impurities are shown on the label. The word ACS
(American Chemical Society)also might be shown.. This also
means reagent grade. A lower grade of chemical would ‘be
laboratory or practical grade. Usually, amounts of impurities
would not be -13sted on this label. A sample labei is shown—_

pelow.' .

Naz3203-SHpL ©. 5 1bs. ' CAUTION !!1
- SODIUM THIOSULFATE . Emits Toxic Fumes When Heated®
(cystals) Keep, K container tightly closed.

. Do not take internally.
Reagent, A. C.*S.

The exercises on the following pages-.consist of various check
lists and -consumable supply lists. - For every chedk list . -
there is a-consumab®e supply list. Complete these as the
directions state. .

«




1 small size spatula

; CONSUMABLE SUPPLIES I

- .

480 E. maﬂganogs sulfate tetrahydrate, MnSOu.uHZO
500 g. sodium hydroxide, NaOH -

125 g. sodium iodide, Nal

10 g.'sodium azide, NaN3

4 plastic.weighing boats

®

1 medium size spatula. , o

. v ~

10 g. soluble starch
10"ml chloroform ‘ b

186.15 g. sodium thiosulfate pentahydrate, Na28203.5H20

6°g. potassium biiodate (or potassium biniodate) KH(IOS)2

<

3 g. potassium iodiéé, KI

10 ml‘concentréted'sulfuric acid; H}SOQ

pen or penfil/// \ —_

" paper ( to record data) . g




e , 4

CHECK LIST - I -

Chemical Names: ‘ _ o N

Place number from ."congimable" list I by matchinginame.

- . . /
&, , Sodium Nitrate .K &>

2

—

b. Sodium Thiosulfate, Anhydrous "
C

Sodium Thiosulfate- Pentahydrate
. d. C;rbon Tetrachloride ) s
. ‘ e. Manganese Hydroxide .
f. Manganou; Sulfate Tetrahydrate

g. Magnesium.Sulfate Heptahydraté

‘o ' h. Potassium Bichromate
i. Sodium Iodide )

j. Sodium Fluoride

, k. +Potassium Biiodate
1. Sodium Sulfite
m. Sodium Thiosulfite

n. Diluté Sulfuric Acid

0.  Sodium Azide
P. o Sodium Acetate

q. Concentrated Sulfuric Acid

r. Soluble Starch \




10.
,11.

12.

* As

Small wad of cotton ) "

. paper (for

isted in the EMP on_ the W1nkler
‘Azide modification.

rd

(CONSUMABLE SUPPLIES - II

-

10.g. potassium dihydrogen phosphate ;~KH, PO, .

1

25 g. dipotassium hydrogen phosbha%e, K,HPO,, - .

' T

'35 g. disodium Hydrogen phosphate heftahydpate, NaQHPéu 7H20

3 g. ammonium chlorlde, NH,Cl

25 g. magne81um sulfate .heptahydrate, MgSOuiVHZO

30-g.. anhydrous calcium chloride CaCl,

-

It

1l g. ferric c¢hloride, FeClq e

A4

*
.

Mangénous sulfate solution#,
starch solution®*, standard sodlum thiosulfate solution¥*, and

concentrated sulfuric acid#*. ? .

$ s

cord#ng data)

pen,or penci -

3

grease pencil : :
, , -

o~

- . o

e

alkaline’ iodide azide solution#,

\

Determination of- Dissolved OxXygen

% .
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— : CHECK LIST - II .

M ’ .. ‘- o
. ) Chemical Names: I
. Place Trumber from "consumable" list by matchingf%ame.
a. Calcium Chloride Dihydrate

" ‘ " b.- Sodium Chloride- )
. c. Ammonium Chloride - .

d. ‘Ferrous Chloride 3

e. Potassium Dihydrogen Phosphates
. f. Magnesidim Sulfate Heptahydrate

Ammonidh Chlorate

h. Calcium Chloride, Anhydrous *
_— .
i. Ferric Chloride ;
. .t -
. j. Dipotassium Hydrogen Phosphate ’
) f" e‘u
> o ) )
. -
i~ .
4 ) / ‘ ~
J ¢ ‘.- .. X
" (4
LY . ' . -
- ' ’ \ o * N - ) :




P - é . “u . LT - q .
£ . A S -
' B ) g 7 :
:’ ) :“j ' ) : CONSUMABLE gUPPﬁ;ES ffpiI T ,' |
% - . ’ ) e & ® R4 * ‘V\J - ' P] ‘0
' . 3 . . a ) ’ - : 'v .‘ p ! ‘ . 1 §
v"’. ' : v -7 ot . ’
1. '721 8 mg anhydrous pbta881um Q{trate, KNO_ o
® ' T e -t 3 )
veurt . 3 = '.4‘ .
2. (5.0 g sodium grsenité; NaAso, o \ SR T
» . " L

371 g, bruc‘ine sulfate.,. (C23H26N20 ), H, so 7H o

» -

256"y 893H- H20 3 X

5.3 ml Qoncentrated hf%rochlorlc aci

4. U 1 g sulfanlllc acid, NH

5
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Chemical Formulae: ot

«
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.+~ b. KC1'Qy.
~e tmol ¥

s

Place’tpefnumber.ffbm'the "consumable" list.by the matching formulhs

s

a. K&OB

Y
e4 NaClO,
SN )
£. (CNH28N20”)2‘:H?28%‘.7TH50
g. Naaso,. - [f e,
heg ﬁ23H26N20'u)2:HZSO}‘.JHZO, ;

.- N HSPOu . \d ¢

3H.H20

S NHZCB{uS_O

, ’ k.‘hvﬁzsol+
W Nacio®
m.é NaCl

e
@ CL s
h
u.‘ . T

!
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e
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*
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.- 6.
hY
! 7.
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:’ -,w\ L ]
‘-
. 9.
10.
/ .
~ a.
,’ .
U
T
4
»
. t
L 4
. Y

L - )
134 g potassium sulfate, Kzso¢ \

2 g red mercuric oxide, HgO --

CONSUMABLE SUPPLIES - 1V

[ . v -
PR . ’ N [

LN

3200‘?1 coﬁcentrated‘sulﬁﬁric acid, sto4

25 mi 6N Sulfuric acid, H,S0,
A 1 . . :
500 g sodium hydroxide, NaOH

25 g sodlum thiosulfate pentahydrate, ‘Na

»

200 nmg methyl red hndlcator

100" mg methylene blue indlcator

(.
15§;m1 95% ethyl alcohdl, cznson
‘20 g boric acid, H3BO3 - f
~- ; . ’, * 4 , .
e - 2
. Y
« : - . L] L_*
. P .
7 . ) ’ .
. ~ . ‘
« : £ Al 4
» ‘{\& )‘5 ‘
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CHECK LisT - 1V

Chemical Formu{g;:\ o

Place the number from "éonéumgblb" list by. the

v

a:(:HBiO

3

(Be HpB0;

<. lNaOH'.

S

d. NaypS,04
Y :

e. THBO,

f. “CH.OH

3
g. ;Na25203'5H20
"HQQO ‘
. Hg,S0y

KHSO

4

"Hg0

- 2H50H )
"Na25203'H20
- ’ -
-KZSO

HZSO4

NaZSO3°7H20

1.-:C

4

»n




‘e

»
.
»

h’Leésnn\S,

The chemical laboratoty consists of a variety of equipment.
In order to perform the analysis, it is ngcessary that one is
familiar with all pertinent ‘glassware as-well as the major
equipment. The following listing of items;.with the carrect,
procddures for handling are considered to be minimum. The
balance will be discuseed in & later chapter. \

3

-

-

5 -

nt

Care and Use of Laboratory Equipme ’

- ]

- -

.

£

.

Q

ERIC

Aruitoxt provided by Eric
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BASIC LABORATORY SKILLS: - CHE4IGAL "LABORATORY
. ‘.I ' .

p—

" OPERATING PRCCEDURES

— o

STEP SEQUENCE

INFORMAT ION/OPERATING GOALS/SPECIFICATIONS

" TRAINING

GUIDE NOTES

’A.‘Labofatory.Equinght

1. Vacuum Systems
'(a) Pump

- =50~

.

. Check oil Tevel iﬂ'pump.

. Connect pump to appro- -

priate apparatus sucH asa
filter flask. \

. Plug’ into 110 out]et and

turn switch to {('ON*)
position. °

Y

4

S
‘ 5 L]
la. 0i1 level should bé/in gtass bulb. ° T
2a, Use thick walled vacuum tubing. e

- "

3a. If the pump does not.have a buiit in trap, then
ohe should be’placed between the pump and flask.

. " .
To* Yacuum- GlaSStUbl I YoFilter
" Pump - . + Flask
N . co ; v--- ‘Glass Bott1e
. . ' . v“ L}
P - L b v
o Wété:‘Trap .. ’

- . C .
3b. The trap will protectythe. pymp parts from water *

3c.

or ather chemical centaminatesr.' | -

<

House” vacuum systems will be avail

le"at the

labpratory bench.

This-is contolled from a cen-

~  .tral vacuum pump w1th a’ bu11t in water trap. e

2 1
"

£
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OPERATEING PROCEDURES

"- STEP SEQUSNCE

INFORMAT ION/OPERATING GOALS/SPECIFICA%IONS

TRAINING
GUIDE NOTES

bl,Asp1rator

2. Laboratory Burner

ﬁ.

Hottest part
Reducing ‘zone

Unburned gas

Barrel

v

v

. The aspirator is connected

=

. Connect burner to a source
of natural gas. '

directly-to the cold water

“tap. 4

Connect aspirator to appro-4
priate apparatus such as
a filter flask.

’

. Adjust the collar so that-

a small amount of air en-
ters the barrel.

. Turn th gas supply on.
. n th:\hobdle.va1ve on

burner about 1 turn.

. Light the flame.
. Adjust the flame so that

the ®hree zones are pre--
sentu

]

s

2a. Use thick walTed vacuumAubing. !

2b. The wate®rap, shown ‘on previgus page, section
3a., should also be used with an asp1rator since
the water from. thestap may back up in the f11ter-
ing apparatus

» . . 4
rcial gas lines are not available, self-

ined gas cy11nders (propaneu butane, etc.)
used.

la, If

d4a. If, the gas f]ow is insufficient, the burner w111
"backfire". . . L

5a. A flintstriker is recomménded.

6a. The hottest part of the flame 1s directly above
the top of the reducing zone.

o
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BASIC LABORATORY SKILLS: CHEMICAL LABORATORY \\\
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OPERATING PRCCEDURES

STEP SEQUENCE

INFORMATION/QPERATING GOALS/SPECIFICATIONS

3. Drying Qven

7 -

T3
_
O R

~ RN

e,

i .

1. Plug into 110 volt outlet. ]

’

»

2. Adjust control on front .to
desired temperature.

\\. ’ . . .
L 4. Plug into 110 Yolt outlet.

.

-2. +Place.container to be °

heated or mixed on the
unit. ,
Turn the appropriaie switch
IONII -

, b ¢

. Since all water' stills
operate differently, the
individual instructions
accompanying the still

« Should be followed. °

la.

2.

la.

3a.

la.

The dryinb oven is used to dry crucibles, glass-

.ware, as well as various chemicals. It should .
have a héating capacity of up to 250RC and be con-
trollable to + 0.5°C. . .

U5ua11y between 4 and 5 will g1ve a temperature of
from 100 - 1150C. Each oven should be calibrated
to the specific temperature that s required.

r .
Since many solutions/need to be heated, either a
hotplate or bunsen burner may be.used.’

)
.

The heat1ng~and stirring upits should be able to
be* operated 1ndependent]y or together ’

Distilled water is required in nearly every test
performed. High quality die#illed water can be
obtained from several commercial- models. The
capacity of a still should be dgtermined by
spectHfic- needs of yotr lab. Uspdlly 1-2 gallons
peP’hour s sufficient for mes laboratories. It
is also possible to add an ionf exchange gystem {0
the water still in order to produce “ul{ra pure” o
water.

N Wal

TRAINING
GUIDE NOTES .
~
v
’
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OPERATING PRCCEDURES

STEP- SEQUENCE

INFORMATION/OPERAT ING GOALS/SPECIFICATIONS

TRAINING
GUIDE NOTES

5. Wager Still
jgzntinued) -

‘6. Desiccator

66

1.

43

Remove 1lid.

_bottom.

Place fhe porous plate in
the container.

the

\

1id.

7’

-

*

2. Add the Dr1er1téE)to the

4. Grease the top of the con-
tainer and the bottom of

.

5. Replace the 1id, mak1ng
sure that it is air tight.

la. If the number of analyses to be performed in a.
laboratory is relatively small, the distilled waten
* may be purchased from a commercial laboratory. It
should also be noted that a water still need to be
cleaned regularly. Consult the 1nstruct10n manual
for specific details.

la. The desiccator is used for the storage of chemicals
or.equipment that must be kept moisture free. It
contains a nhydrous material at the bottom such

as Drierit T c0ntainer may be either metal
or glass. -

1b. Glass desiccators sh uld be enclosed in metal
cages.

2a. Dr1er1téﬁ)is a comarcial name for calcium sulfate
(Cas0,). Other anhydrous materials such as silicy
gel may also be used.

)

P4 ~ .

4a, Commercially ava11ab1e silicone stopc&%k grease is
. satisfactogy. .

-

Qgt If indicating DrierIted:%s used, it will change
~from blue to red when it has absorbed its maximum
amount of moisture. Tiis particular type can be
regenerated by placing it in an oven at 2009C un-
ti1l the color changes back to blue.

5b. If het crucibles or other hot items are being

¢ . cooled, leave the 1id "cracked" open for about
5 minutes hefore sealing .t a1rt1ght This will
prevent implosions.

-53-
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*¢- _opBrING hoceoures | STEP SEQUENCE ®  INFORMATION/OPERATING GOALS/SPECIFICATI&IS ‘ 601t NOTES
7. Buret , 1. The buret is designed to « . - ‘B o
“ deliver liquids #n a con- - s ST k
trolled faShion such that e g C
.-additions can be made” drop- ( )
wise and final:yolume de- . ’ - \
_kivéred determined. The | - ’
.stra%ore, 50 ml capac- ¢' - S .
© ity wi .1 ml subdivi- Lo / ‘
sions and Teflan stopcock 2
s recommended for general . -
yse Burets with larger ¢ - 4 L 4 £

B P}

. Read thg meniscus, Sfter

or smal]en capacities are’

also a‘ﬂab]e ,‘

. Fi11 the buret by. addmg

the liquid with.aid of a
funriel to the tog with the
stopcock closed. .

. Bleed out the. tip so that.

the orifice through the

. stopcock and tip are free
.of air bubbles.

. D1spensesh 11qu1d

grasping the\stopcock with
the left hdnd)\ leaying the
right hand free to agitate |
the f]ask below. .

the requ1red volume has

been d1sp%;)s€dh\

4 \_,“ .

e

y

| 5a. ~The d1f"f'er‘enc'= between the final bur’et veading and [

| 5b. By th#& me

. - . ‘. :
2a. Tt should be .f\ned well apéve_the 0 ml mark.

3 . ’ : -

. 2
3a. &is: should be continued until the mem'scus_\(see
> Tow) &t the fof bf the buret reads 0 ml.

.4 "~

+

* ~ .7 3

- S,

;Mem'sc,us - T -

- N :(

. \‘ { . -y - -

‘. i 1 BN j * . - .
- .

~ . .
“* Correct eye level

5\ . + -

* " the tnitial turet r%hng witl ‘give thé*exact ¥
-volume_dispensed.

d, it is not necessary "to refill be- :

tween' each ration. Simply calculate the dif-

ference in buret readmg as you.contmue to dis-

pense the. liquid,

For example

ml finished 2027\ .,
y T D) Start 11.6 A

¢ o L 4 1 used: 8.6. Lt
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OPERATING PROCEDURES '

STEP SEQUENCE

R D - .
INFORMATION/OPERATING GOALS/SPECIFICATIONS

" TRAINING
GUIDE NOTES

S e ;
7:‘Efret (Continued)

v

»

v e

=R T TN L EY Tt —

[ .,
. .
; YOLUMETRIC -
ot PIPET . W
L A . K : ' V : .
N MOHR &
o L 7@ PIPET

1

1. Deflate and connect a
rubber- bulb to the top of
the pfpet.

piper

. Bu]b

2 A]]ow 11qu1d -to rise
the.top. )

3. Remove bulb and control
volu h ﬁanger pressed

ghtly to’ the top of the.
pipet. .

h»\
»

la.

. Be careful not to dispedse below the 50 ml mark.’

Measuring (Mohr) mipets can be obtained .from G.1

ml to 25 ml with different subdivisions.
come in two types; those calibrated clear t

tip.

Th
he

The first type is Yometimes referred to as

"blow-out" pipet, since «it is necessary to force
the last drops out of the tip in order to deliver

the measured volume.
similar to a buret.

The second type is foperated
The 4iquid is drawn up into

the pipet and the desired volume delivered by
allowing the liquid to drain out, usingt
cus as the 1nd1cator of volume de]1vered

L”C lllcfl I S=

L]

The mouth is somet1mgs used to draw the 1iquid in-
to the pipet; however, it is Rot,recommerded,
since the solution might be strgng acid, base or

some Qther toxic solution.

able automatic bulb may be used:

.In place of a rubber- bulb, a commerc1a11y avdﬁi

Deflate the:bulb before gonnecting to;the pipét so
that any contaminant in the bulb*is not forced in-

to the pipet. -

-55-
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STEP SEQUENCE

IFORMATION/CPERATING GOALS/SbECXFICATXONS

TRAINING - . )
GUIDE NOTES -

—5
8. Pipets (Continued)

.

.
A

e - . ‘.
.‘ . : L
9. ‘Graduated (ande'r B

¥

§ o
' N
Fd

|\m

!

>
R
L

=3 v

14

>

Volumetric pipég% are designed to give the greatest
accuracy in pipets. They will delivek only one volume |
and range in capacity from 1.1 to 200 mT. Their
operation is identical to the measuring pipets except.
Fthat even. though they are designed'to deliver clear to
J the tip, they are NOT the blow-out type. They. are
calibrated to deliver the presc;ibea volume by simply
tauching the tip to the side of the container for a

few seconds. The small drop remaining in the Pipet is
NQJ included in the prescribed volume of the pipet and
50 .1t should remain in the pipet tip.
Graduated cylinders are used/f%'m%asure large volumes
of -diquid and come' in sizes/from 10 m1 to 2000 ml.

4 Théy-are calibrated "to deliver" or "to contain". Th
means in-the first tase that if the graduate-is filled
and the contents pourad out, it will deliver. the pre-
Fscribed volume, ., The drops left behind are not in-
cluded.in the prescribed volume. In the second case,
if the cylinder is filled to the selgcted mark, it

v ] containd the stated voluhe, but will not deliver this

volume when goured out.

.

PYastic rylinders are calibrated "to deliver ggg;tgx/
sontain” because'water will.not adhere to plastic as
it.does to glass. ) e

. Graduated Cylinders do notthave the accuracy of the -
&k tric flask. ’

B -
. i

. O

N

»
: -
-
. R 8
’
- L
4
-ty %
" .
. ;
7
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TRAINING
GUIDE NOTES

R

10. Volumetric Flask

The volumetric flask is designed to accurately measure
karge volumes of liquid, primarily in the preparation
of reagents amd standard soTutions. They range in
size from | ml to 2000 m]*, This flask is designed "to
contain” and not "deliver". * The last few drops of dis-
tilled water added to a volumetr1c flask to bring the
level up to the indicating line should be added from
a distilled Wiffjpr wash bottle. -

~

b ‘ : N

1’/

T

e
The Erlenmeyer flask i5-.a general burpose flask used .
for conta1n1ng and mixing solutions. "They range in
capacity from'10 mi to séeral liters. Although they
have graduations on them, they arednot considered . s
vo]umetr1c glassware and should not be used for accu-
rate measurements of volume. The accuracy of the
graduations is usually + 5%. ‘\\
- . ' ' .
L -
The f11ter flask is essentially an Erlenmeyer flask /
with a side arm attachment to receive a vacuum hose.
Filtration is accomplished by. plating a filter funnel
in the neck -of the flask and'drawing the liquid througﬂ
with the aid of the vacuum. NOTE: Filter flasks may
implode if the glass has a weak spot or the vacuum is
too strong. Working behind acsafety sh1e1d is sug-
gested.
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OPERATING PRCCEDURES
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STEP SEQUENCE

THFORMAT ION/OPERAT ING GOALS/SPECIFIC}\TIONS \

TRAINING

GUIBE NOTES -

13. Beaker

i4..Funnels

1
.

Beakers are non-volumetric pieces of glassware and
range in size from 9 ml to 4000 m1. Although they
have.graduations, they should n6t be used to measure
accurate volumes.

Al

~

The chemical filtering “funnel is ava1]$b1e in glass or
plastic. It comes in a variety of sizes. They are
used for accurately transferning chemcal solutions.

s

L 4

4

The powder funnel.is plastic and is used for trans-
ferring only solid chemicals. It also comes in a
variety of sizes. ,
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OPERATING PRCCEDURES

STEP SEQUENCE

JINFORMATIONYOPERATING GOALS/SPECIFI@RTIONS

— A

14. Funnels (Coﬁtinued)

A\

P

1A piece of glass fiber filter paper is placed'in the

available in plastic, is uded in solids determinations.

&
The Buchner funnel, usuall made of, porce1a1n but
It is used in con3unct1on,2eth the filter flask. .

LY
The Gooch Crucible is used in solids determinations.

crucibte, as a filter media, prior tg a su$pended
solids determination.

t

]

As shown, the Walter's Adapter is used in the f11ter

flask to hold the Gooch Cruciple.

GUIDE “NOTES
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INFORMATION/OPERATING_GOALS/SPECIFTCATIONS

TRAINING
GUIDE NOTES

17 Reagent Stq'age
gottles )

‘&

®(NaOH) tend-to freeze glass stoppers.

Glass stoppered reagent bottles or plastic {screw cap)
bettles are available for storing prepared chemical
reagents. Strong bases such as sodium hydroxide
Rubber or
p]ast1c stoppers may be substituted 1n th1s case.

- S ) 1

2

'.' >

b N
BOD (B1ochem1ca1 Oxygen Demand) bottles are specifi- ’
cally designed for the BOD test and have a capacity

of 300 ml. They have match1ng ground glass stoppers
and are fumbered for easy 1dent1f1catﬂon . g

"
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f : ' T e : = ‘ \ p —w o RINING - 4
? 0 Eﬂ(} PRCCEDRRES STEP SEQUENCE- INFORMATION/OPERAT ING™ GOALS/SPESIFICATIONS 1 6U™E NOTES |
< . . ’ 1 ’ \

.19, Squgeze Bottle 6 . - Plastic squeeze {wash) bottieslgre used to dispense , ‘

B .t - .- C . distilled water during rinsing operatidns. .

Y li “. * . ‘ o . ‘ |

R - L, . ) e v v, , R Py N — \

. i < \ , S s - . !

. . - . . ‘ i ©
Co ’ - . , ) X
T, T L. 5 . e .

. . . . ' L. - . » )
_ ‘.~Ja 1’:‘ . i . * ‘ . . 3 :,:
L 4 ) ’ : > ‘ . - v el f-.. . - ‘ * L

: N s . S « Crucible tonge are shown and should dlways be used in R L
> . * e oL handling the Gooch Crucibles. . There are other types ., .

< of tongs avatiable such as -beaker tongs and evapgra- s
’ L ting dish tongs. > : ..
L d . . T,y R R )
N . . ’ ) . "\ i ’ N .' . . ‘ )
B &7 doudble Buret Clamp a ‘ 4 ‘ This clamp is des'igp.ea to secutdly };ﬂd two burets. -
IR e S ) . Co X
” - L - A P * ’
. = \-’ ¢ ll? i et b v ‘ ¢ . .
‘ - ;: f a.( ! 4 >’ Rl ' - Ay x

. . e N E - . . : N © " '

. e A . - ¢ g . t B ., D . . ' 4 .

s , * Theighe Weistah {= s AN ARE t o . L 4

3 " . s v—— \:,:- . - ) . ) . . . .,
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,22. Uti]ity C]amp

| .

. .
The ufility or combination clamp is used for thermom-
eters, pipets, glass tubing and a .variety of other

laboratQ{y glassware.

-

v

The autoclave is usgd for ster111z1ng so]ufﬁons,
bacterial growth media, and glassware. It must have
e capacity to develop and -hojd 15 psi at 1219C for
any length of time. Size is ot important as long as
it is larg® enough to accomodate the volume of work
required. Bench top sterilizers are satlsfactory as
long as they meet the ahove requirements. Each auto-
¢lave is slightly different. Operating instructions
arne included with the instrument and-should be read
pﬂfqr to operation. PreferabT), do not operate with-
oyt -the instruction -of someone familiar with the e

‘operation of your particular Model. Use caution since

the autoclave develops high pressure and high tempera-
tures. Always remove hot items with t9ng or gloves.

—

“?'.
.+ P
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24. Tubes, Ci{ture _

¢ 1

oO—

These .tubes are availabl

<

either screw caps or sna

I3

=

P

one calibration at 99 nf]
and sewage d7lutions and

A}
.

A platinum wire loop with
bacter¥plogical transfers.
is acceptable, The loop i

Dilution bottles are 12'm1“vo1ume.é1ass bottles with

ting it to-a redglow in a bunsen burner
* "

é\*ﬁca va%iety‘of451zes with
pcaps. * ' *

-

They are used for bacterial
can be autoclaved.-

LI
2 3 mm loop 1s used_for .

A wooden or aluminum handlé
s sterilized between trans-

GUIDE NOTES
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" OPERATING PRCCEDURES STEP SEQUENCE

INFORMAT LON/ CFERATING GOALS/SPECLE ICATIONS. (TRAINING -

. GUIDE NOTES
27. Water Bath © o A water.bath at 44.50C + 0.20C s required for the
: . ‘ ’ ) -] fecal coliform test. The bath must be large enough'/
to accomodate severa\ plastic bags containing membrane| -
filter dishes or tubes. This bath should have a sen*
sitivity of at Ieast + 0.20C and a ‘'range from TOOM
temperature to 100°C.~ Several other tests requ1?e
water baths at different temperatures. 0f ten theg
samebath can be used, but it must be easily adjus
between tests'. .

Iy -

28. Bench Mo . - ; "aeOp
Tncubator ‘ _ \ Most bacterial tests are 'run &t 35 Therefore, an

add1t1ona1 incubator is needed. °T 1ncubator should
“be large enough to agcomo te the maximum rumber-of
p]ai;kwh1ch would ever be handled at the same tjpe

SensiPtvity should be atsleast + 0.50C. >
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BASIC LABORATORY SKILLS:

CHEMICAL LABORATORY

3

3\ .

. o

OPERATING PRCCEDURES

STEP SEQUENCE

-

7.

TRAINING °
GUIDE NOTES

—p—

B. Glassware Cleaning

1. Cleaning Solutijon
Preparation Chromic
Actd ’

o

+ - -

2. Laboratory Deter—
gent .

" 3. Cleaning.Procedure
for Burets

-

1

. Weigh out 60 grams of

potasstum dichromate

(K2Cr207) in a 1 liters

Erlenmeyer flask.

. Dissolve the dichromate

in approximately 600 ml1 of
hot d1st11;ed water.

. After the solution is cool,

stowly add 400 m1 of con-

,cengyated sulfuric acid
0

(H2 4) to the solution.

4. After the solution is €ool,

transfer to a.1 liter glass
stoppered storage bottle..

INFORMAT ION/OFERATING GOALS/SPECIFICATIQNS

la, Chromic acid cleaning solution 15 commercially
available from several'-chemical supply houses.

1b. A balance that is accurate to the nearest gram
is sufficient.

s
. . -

3a. CAUTION: Pour the acid slowly, since a large

amount Qf ‘heat willpbe generated.
] "

: ~f

4a. For'a stronger! so]ut10n, 1t is perm1ss1b]e to de-
crease the volume of water used 1n steu 2 and
increase the volume of acid used in step 3 to
maintain a total of 1 liter.

A1c0no§§%ava11ab1e in powder form) or a su1tab1e

| substitute should also be on hand for cleaning" 1abora+

“tory g]asswave -

-~

“ e

A p1ece of volumetric glassware'is sufficiéntly ctean
if its surface is un1fo?m1y wetted by distilled water,
0ily contamijnation prevents glass walls from being
uniformly wetted; drainageris then uneven and delivery
is not precise. A general rule is to clean glassware

immediately after use, since it is much more difficult
to remove chemicals that” have been allowed to cake
and age. ! )

*

e
.

h's
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CHEMICAL LABORATORY
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=

" OPERATING PRCCEDURES

INFORMAT ION/OPERATING GOALS/SPECIFICATIONS

TRAINING

B. Glassware Cleaning - 1
{Continued)

~/

5. Open stopcock to allow .

7. Remove the stopcocy.

STEP SEQUENCE
& Al

. Pour 00 ml of cleafing
solution 1nto a 150 ml
beaker.

. Invert the buret in the
buret clamp and, place into
cleaning solution as shown
in the diagram .on the left,

4

. Open tﬂefstopcock and
apply suction with a rubben
bulb drawing -solution ,up
into the buret. F111 al-
most 4o stopcock

. Close the stopcock and
allow solution to .stand
for ten minutes.

cleaning solution td drain
‘back into the beaker.

. Rinse the buret thoroughly
with distilled water.

If after cleaning a specifi
detergent, it is found that -

jece of glassware with
contains wlkter drops’ -

upon rinsing with distilled water, thén the following

procedure must be fo]lowed

iy

*
1

2a. The buret skould be 1nmersed nearly te the bottom
of the beaker.

3a. Cleaning solution should not come in contact With- "

the stopcack.

' ~
TS 3
Ja. If 3 is- a ground glass type, remove grease with
* & paoer t?wel . - . i
. l ‘ ‘- .

> \

GUIDE NOTES

» .
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CHEMICAL LABORATORY
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hromi um.

cient to remove the contamination due- to

- — TRAINING
OPERATING PRCCEDURES STEP SEQUENCE A& INFORMAT ION/OPERAT ING GOALS/SPECIFICATIONS GUIDE NOTES
= RN v y X I
B. Glassware Cleaning o = \\ ! ,
{Continued) ¢ . - .
8. Immerse the bottom part of ?
U buret into the cleaning ) - .
- solution and let Stand a ) S
few minutes. T -
- 9. Rinse thoroughly with dis- . "= \
tilled water. .
. ‘ . . e / ' ‘
10. Wipe the ‘outside of the s .
buret with a paper towel. ' N - ,
. , . ) o
11. Replace stopcock and fill 11a. If the stopcock is ground 31ass regréase it with "
with distilled water, siliconé grease, and replace.  Grease should only
. be applied to areas indicated by the arrows. .
. i1b-;00 not grease a Teflon stopcock. - . . vt
12. Pour the cleaning solution ]Za. The cleaning .splution may be reused unt¥jt turns]: ,
hack into the stock bottle. ‘'green, at wh1ch time it shoudd ba d1scard/e}" T
4. Pipets Pipets may be cleaned using a similar procedure as (
. -\ -{with burets. Beakers, flasks, etc.,.may,be cleaned by
. - Jadding a small amount of cleaning solution, coating~ '
. > Lthe walls of the container. The c1eamng solution is- ’ -
. .then transferred back to the storage -container ahd the ?
- Ty . item of glassware r1nsed several times with distilled
/) water.
- - - M “‘ ki
* LIt cannot be overemp?ésized that proper d¢lassware )
‘ cleaningggas well as rinsing, must be carried out at \
. all times. Trate amounts of contaminants that remain AR ,
. -] due to carelessness may seriously affect concentration \ﬁ X
' organism growth and consequent]y your rgsults: It . ’
/J S. been found that as many as 15 rinses are insuffj- '
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.Lesson 6. Matter -

.
’

All objects in the Unjverse’are ‘composed of matter. Matter
is’anytying that occupiges spacesand has mags. The.property
of occupying space is easily perceived by our sendes of sight
and reeling. The property of mass pertains to the quantity
+ Of ‘matter that\a body contains. The mass of a certain-body
of matter dbes\not change. On -the other hand, the weight_ a2
of a body pertains to the force of attraction of the eanth
for thé body and is dependent upon its distance from the earth's
center, If a book were taken to th top of .a mountain, it-
would weigh less than it does at sea level,. If it were taken
far out- int¥ space, its weight would Become neglible. 1In both
‘cases the mass of the book has remained constant.  Whén working.
in the laboratdry we measure ‘quantities of matter in terms
‘of.mass rather than weight because the mass of a body remains

‘* constant whereas the weight of a bedy is an "accident of its

environment."™ The balance is used for measuring® the mass
of an object. ) © ’

N

Physical States of Matter ;
o T ¥, .
Matter oan exist in three stated, designated as solid,’
. liquid, and gas. These .may- be d}stinguished by certain
qualfities. -

N

a. Solids - Have a definite shape and a definité
volume. N ;- -
. b. Liquids - Occupy g definite volume but take
. the shape Jf their containers. ‘
c. Gasesc - Have neither a definite shape nor a
definite volume. '- .
The .physical state of a substance. depends upon temperature;
if the substance is’'a gas, thenp pressuré is also a factor.
For example, water, a liquid at ordinary temperatures, changes
_to a gas (steam) when it is boiled and to a.solid (ice)
when it is frozen. Carbon dioxide (C0,) gas on the other
hand can be” changed to a liquid or a solid (Dry Ice) by’
cooling and compressing it-sufficiently. Other gases behave
similarly. Some substances may change spontaneously from one
state to another. Water evaporating would be a typical gxample,
If a substance. were to evaporate very rapidly, such as ether,.
then 'it would be %eferred to as volatile. '

. ‘
.

The physical gtates of matter may be explained by assu ing.
that matter is composed of yery small particlés called mole
.dules, which are in constant motion. In solids, these *
‘molgcules’ are packed very close together. In liquids, they
are not so close together and can roll easily over one another.
In 'gases, the molecules are widely separdted and uniformly

distributed throughout the container. .
J . . .

I
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- us to regognize it. The phoperti

*

v ' tarnish, or that iron will rust is a chemical . ,

’

‘ . ’ ’ Al

-

I .
Properties of Matter . v \

<

\ . . - .
A property is-a'characterisgizof a 'substance which enables
,of substances may besclassed
-as either physical or chemical. . ’
a. Physical properties include state, colory:
odQr, taste, demsity, solubility, boiling
‘point 4 freezirg point. ‘They are determined P
. without changing the chemical composition of e
Lo the substanpg. > . ! :

\ 1)

P

1
. ) )
, 8

. N .. ,
b. Chemical properties are properties that concern
the mgnner in which one substance re&cts witH
- another substance./ The fact that silver wiill
Property. - . . . i

\
+ Changes of Matter

Matter may undergo either a physital or a ¢hemical change.
“ .~ a. A physical change is a chang’gi

in .state'without
" "a change in compositior. \ .

Al

Melting of ice, freezing of water, conversion

Vs . of water to steam, condensation of steam t&

water, melting sulfur, chopping wccd, dissolving
sugar in water. These are all examples of physical

. change. . In 'each of “these there is a change: in
properties but there is no alteration of the
chemical composifion of the substances involved.

« - ol ‘

- b. A chemical change is'one in which a suszance
loses. the properties by which we recognize it,-
and produces a new substance. A chemical ¢hange
is therefore a change in composition. When - -
carbon, a black substance, burns in air, an
invisible gas consistipg of both carbon and ..
oxygen (carbon dioxide, C05), is formed. When
milk sours, the sugar in the milk is converted

' N : into.an acid and the composition and the ‘proper-
ties of the acid differ greatly frim those of the

A sugar., .Iron rust formed by the cohrosion of iron
metal contains oxygen as well as iron, and it.is

-fﬁ therefore a different substance with different
properties. . ¢ :

.Labdratory Significance

Some 'of the more important physical and chemical operties-
that are directly appliceble to laboratory work are as follows:

N . ¥

d. The volume of a substance can chapnge with .
.'temperature, consequently all solﬁtiops must \
. ' T s t s
4 . - . - \ . N co.
' ¢ TN =69-,
. " .

oAy
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) ¥

. be reth?ned to room temperature before dilution. o7
Also the volumetric glassware such as buret, ‘pipet .
and volumetric flask should never be heated-since the ,‘
/ graduations will change. . '

, 2. A chemical label with the words “deliquescent" or
"hygroscopic" indicates that theé eontainer should :
always be kept tightly closed to preven; ehtry of ‘
water in the atmosphere. : -

Hygroscopic substanéés are substances that can absorb

moisture from thé air without becoming wet. Rice is plated

in a salt shaker to keep the salt dry. ) '

‘ " Deliquescent substantes, when exposed to th& air, absorb ,:

. enoligh moisture to become wet. Sodium hydroxide {(NaOH),
cﬁlcium chloride (Call?) are examples of deliquescent’.substances. -

L . . -
. ”) v N ‘ A

e




LABORATORY : ICAL LABORATORY

-y

OPERATING PRCCEDURES

_ STEP SEQUENCE

TRAINING

A. Vo?hme/Temperature
Dependence of Liquids

1

-

1.

The following materials
are needed for this ex-
periment:

. 3250 ml (dr 200 m1)
volymetric flasks.

. Bursen burner.

. -2 600 ml1 beakers

. 1 metal trough

. Ice

. 1 ring and ring stand

. g. 1 thermometer

. Fill a 600 ml beaker with
© 300 ml of tap water and

' cool in an ice bath.

.'Fi11 the other 600 ml

beaker with 300 ml of tap

_ water and heat over a bun-

sen burner to 850C.

. Fill each volumetric flask

to the base of the neck.-

-

. Use a squeeze bottle to
‘fi1l to the graduation

Tine.

. Let all flasks come to

room temperaturé and ob-
serve the Tevel of the
water in the flask. ¢

. Record all results in’your
.Jaboratory notebook.

4a,
4b.
dc.

INFORMATION/OPERATING GOALS/SRECIFICATIONS

'
{

. Use the thermofieter"to determine the temperature.

¢

1 flask with cold water (from ice bath)
1 flask with hot water.
1 flask with room temperature water.

(

GUIDE NOTES
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.

OPERATING PRCCEDURES

STEP SEQUENCE

INFORMATION/OPERATING GOALS/SPELIFICATIONS

TRAINING
GUIDE NCTES

"B. Deliquescent Sub-
stances

-

-

. Place 4 sodium hydroxide

(NaOH) pellets .on a watch
glass.

. After the sodium hydroxide
. (NaOH) has been left out

for six hours, note the
appearance.

..Record all results in your

laboratory notebook.

1a. Note ‘appéarance immediately and mark observations
in notebook. - .

.

Q -72-
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R T




Lesson 7, Solutions \
‘ \ e t o P
Wastewater is a complex combination of water, floating

and settleagle solids, and dissolved solids. It is possible
to separate the components of wastewater by physical and
mechanical processes such as screening, settling, filtration
and evaporation. Since this-is the case, the chemist, calls
wastewater a mixture.

b Let us take a, sample of raw wastewater and run it through
a very fine filter. All the floating and settleable solids
will. be removed. 'The filter also removes the turbldlty. The
filtrate, the liquid which .comes through the filter, is a part
of the original mixture. It contains water and dissolved solids.
This clear liquid could be separated into two more components
by distilling off the water. The dissolved solids would be left
behind. Thus, the filtrate, too, is a mixture. But it is a
very special mixture called a solution. The term solution re- )
fers to a“homogeneous mixture of two or mone substances. The
molecules of these substances are evenly distributed among one
another. Because the particles in a solution are all the size
of molecules, we can not see any one comporent. A solution
appears to be one pure substance. The components of alsolution

- will not'separate by settling. .

The subject of solutions-has been introduced by looking
at wastewater because it is a mixture known to most of you.
However, there are many other solutions which are familar to
you. We w111 now use some. common solutions to continue our
‘study of thlS lmportant topic.

/

. 3
Chemists class;fy‘solutlons into three major grdups:

l. Gaseous solutions -
2. Liquid solutions
3. Solid solutions ‘ (

.We will look at each group separately

Gaseous solutions are made by mixing one gas in another.

Air is a gaseous solution.” .Air is made of nitrogen, oxygen,
_argon, carbon dioxide-and very small amounts of other gases.

The molecules of each gas, mix eévenly to make a.homogeneous
mixture called air. The molecules of carbon dioxide are heavier
than the molecules of the other gases but they do not settle
out:~ We know that the amount. of oxygen in a sample of air can
change. There is less oxygen in a sample ﬁrom the top of a

high mountain than there is in a sample taken at sea level.

Therefore, we must add to our description 6f a solutlon this fact.

2

The‘comp051tlon of a solutaon is changeable.

-73~
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Liquid solutions ‘are made by dissolving a gas,; liguid agr
a solid in a liquid. Tap water is a solution’ whickh contains -.
dissolved oxygen. The oxygen molecules are mixed uniformly
with the water molecules to make a homogeneous mixture. The
oxygen molecules do not settle out -if the mixture is allowed >

.¥0 stand undisturbed. '"Old Granddad™ is an example of a ldquid

.dissolved in another liquid. The alcohpl molecules are dissolved.
uniformly in the water. We know thi ,because ewvery jiggew
tastes the same'. The components of ™Uld Granddad" do npt
separate by Settling. A sugar-water solution is an example of
a 'solid dissolved in a liquide The sugar crystals. breakup

into molecules which mix uniformly with the water molecules.

This' gives a mixture which is homogeneous and therg is no‘settling.
We must note here that liquid solutions' also have variable .
compositions. Alcohol-water solutions have different strengths.
Sugar-water solutiong can- be 'very sweet and not - .

so sweet depending on the ajpount of sugar added. ’ . -

i

Bolid sdlutions are solids in which the molecules of one ~
component are randomlyvnixed with the molecules of another
component. An example &f a solid solution }s brass, an alloy
of zinc and copper. Sterling silver is a solution of, copper and

silver. Vv \ - ’

3y
We can now list the characteristics which are common to all
solutions.:

v . °

1. Each component is broken down into molecules
. or atoms. ) L.
2. The molecules or, atoms of each component are mixed
uniformly.- ' .
3 No one component will settle out. .
4. Solutions are-clear and transparent.
5. The composition of a solution can vary.

To complete our study of the nature of s#®lutions we must
note two properties of solutions. These properties apply to
all solutions but in varying degrees. The first is the effeét
of mixing two substances on,the total volume of-the solution.
When one liter of alcohol and one liter of water are mixed, .=
the total volume is less than two liters. When sugar s .
dissolved in water', the volume of solution is larger than the
original volume of water. Thus mixing two substances fo make a
solution may cause the total volume of solution to be greater or
less than. the total volume of liquid(s) used. '
The second property is a temperature change used by
mixing two different substances. When sulfuric~4§%§, H,80,,
or sodium hydroxide NaOH, are dissolved in water, the solution

) énitiallylbecomes hot enough %o boil or at least form steam. Making

olutions .of either H,S0, or NaOH .should be done slowly and
carefully. Use about %al; the water required and add the acid or

| .
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base to the water slowly. Allow time for this mixture to cool.

. Then add the remaining .water required slowI¥. Most acids-and ) .
bases will cause a temperature increase w Miked with water.

- The temperature increase results from the reaction of the water

with the acid or base. Acids react with water to produce )
electrically charged hydrogen atoms called hydrogen ions, H .

Bases react with water producing hydroxide ions, OH™. These : !
two different reactijons both produce Qeat. ) ’
v ' The .temperature sometimes decreases when making a solution.

.

When sodium thiosulfate, *(Na,8,0,°5H,0), is added to water, the
"solution is initially. cold. Wﬁeg you discover this problem in
"making a solution you must first dissolve the chemical in about
hal%¥ the required water. Allow time for warming, Then add the
rémajning required water. . \’ ‘ vt .

Before we go to a new topic, three new terms must be intro-
duced: .

a. Solute
b. Solvent - ] . :
C. Salubility ’ N
.The solute is the substance which dissolwes. The solvent is the ¢
substance which does the dissolving. For a solution involving

a solid mixed with a liquid, the splid is considered the solute

.'and the “liquid is. the golvent. When a liguid is mixed with :
water, the water is thd solvent and the other liqujd is the,
solute. . . .

Examples: ' ) ' .
i 1. A salt-water solution. Solute-salt
Solvent-water

27 An alcohol-water solution. Solute-alcohol
' Solvent-water
3. An acid-water solution. Solute-acid
v : X Solvent-water
Solubility is a term which describgs the maximum amount -
of solute which will dissolve in xﬁéﬂigihehtl Solubility 'is .
a property of the solute.not the solvent. Table salt, (Nacl),
will dissolve in water. The,maximum ount 'is 31.1 g. in every
100 g. of water. If the solveg} is alcohol only 0.051 g. of '
NaCl will dissolve in 190 g. of solvent, When gasoline 'is the
solvent the,solubility of sodium chloride is 0.000 g. per 100 g.
of solvent. You can see that the solubility of a solute will
change when thé€ solvent is changed. . o

4 ~

The soldkility of a solute in a specific solvent can be ° '

- affected by temperature changes. In general, the solubility of ,
solids increases with an increase in the temperature of the solvent.,

.y

-
;

Al . : ) :'-75'.
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- The concentratijion

. .

The, SOlublll y of sodium n1trate, NaNO_, i water is 75 g('per
100 g. of water at OOC, and 127 g. per~100 g. of water at 60°C.

The soluhility'of gases decreases with an‘anrease in the
*temperature of\.the solvent. The solubility of oxygen in water -
is about I5 mg) in 1 liter of water at OOC, and about 9 mg. 4in-

1 liter of water at 20°cC.

; The subjec of solubility and the variable nature -of " the
solubility of a solute suggests the problems of spec1fylng the
actual amount of| solute dissolved, in a solvent. 'The problem -
is artlcularly mportant since many chemicals must be dissolved
in' water, before they can be used. To solve the problem chemists
have developed a pumber called the "concentration". of the solution.

Vnumber describes the amount, of solute in a’ )
convenient volume|of solution. Suppose 1 liter of solution .
contains 100 g. of potassium iodide. The concentration is 100
-per liter of 'solution or simple 100 g/l of potassium iodide in
water."If five llters-of solution contains 756 g. of salt, then
the, concentration is 750 g. per 5 liters. Since 5 liters is._
not a "convenient" volume, we use a proportion to find that
750 g. per 5 llters is the same.as 150,g. per 1 liter. We say
the concentration' is 150 g/l evepn though therg are actually 5
llters of solution. . ,

[N
-

The concentration of a solution can be found dlrectly
using the formula below:

.

Concentration = welght of solute

. - . volume of solutl?n .

.
¢ 4

-

For example, 600 mg. of NaCl 1s dissolved in 0 591 of solution.
The concentration is: ‘ : B

Concentration = 600 mg. : N

Now we 51mpllfy the concentratlon number by diwiding-the "denom-
inator and the‘*numerator by 0.5; .
Condéntration = 1200 mg. or 1200 5g/liter . / )
L. 1 liter: N

»The concentration is normally reported in the units mg/1,
g/l or ppm. If the weigh& and volume data are given in units
other than milligrams or grams amt liters, you can change the
given units hy the appropriate cohversion fe@tors. Then use tkLe °
formuka given. Remember that: )

’

P . . -

* -~
1l mg/1 = l ppm : .
1000 mg/1l =1 g/1 , ~ .
& - s
L] “ # [
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Two other -units of concentfat¢on commonly used: in - chemlstry Yo
are normallty (N) and molarity, (M These are examples of ¥ v e
the o units S ,.K ) .
. 0[25N:ﬁ280u“,-- means. a 0. 25 normal*sol tio w -~ . ‘ . .
, ' T of eulfurlc ac:d. ) who- e
2 .M NaOH  -- means a2 molar solutlon of sodium . ; .
' hydnox;de. , o . t

<,

It should be noted that the term NYSO means l Nor. .,

4 .
/ 0. 02N /Also: 50 S )
N/40 means*l N, 0.025N SRR
f X ' - o
. . ,
N/lO means 1 N,, 0.1N )
10 j - . .
These terms are somefimes used - and their. fOrmallsﬂ!uli *
be noted garéfully. fi .
- . ‘ Ny .
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. Lesson 8. ‘Use of _Labordtory Balances p

-~

° - ’ 1

In thlS lessoh you will recelwé background 1nforgatlon and o

- ment_used to obtain weilghts to' the nearest 0.0001 .g. This ',.

‘balarce can Welgh the oil from your.skin left by a fingerprint.,

" The maximum capacity is generally 200 g. It is a:very delicat
instrument and must be handled very carefully fon the best .
_‘possible operation the double-pan analytical balance should be/ -

. There are four typescﬁibalanq\e cOmmonly used in’ ‘
érlaberatory work. They areg: ) . .
. : . . |
¢, 1) the dduble-pan analytlcal balance, . ST
.. . 2) the single-pan electrlc analytlcal balance, o
« 39 the. triple beam or "tPlP" balance, and ] -
e " 4) the top- Loading electric balance. - T

operatlonal procedures for each.of the four balances. "
™ . - X ‘. P K
‘ < The doublerpan analyticagl balance is g preclslon Instru-

isolated from the rest of the lap in a constant ‘temperature, A

Yconstant humldlty rodm. If this. is not. passible, good resultsll

" can be obtained by ‘placing the balance in-a protected area of

the lab away from wind currents+*and corrosive -fumes. The
Balance should be positioned on a separate table with no otHer
equipmen't and the table must be -level and very sturdy. ever
jostle this balance. The~halince must be kept clean at®all .
times to obtain good results. Opergtion, of the double-pan

2
)

analytlcal balance requires a set - standard Welghts These * ‘
€

weights must ‘e kept clean and dry at all times.- Never pick
the weights up with your handg Handle them only¥with the
clean, dry forceps provided.: '

.

<

There are several dlffere\f'brands of double~pan analytlcal -

b&lances on the mfrke nd, in “use today - For this reason the'
procedure presented in this lesson is general in content. You'
will find several refeérences in the procedure to the 0 €&, M manual
for the specific’ balance.- If you d¢ not havée an,0 § M manual for

’ ¥our balance,.make a wrlften request. for one to the manufacturer.

or your worK in this .course, 'ygur instructor will ,carefully )

describe all the controls apd operatlons of the balance you will

use. ..o A . ) ’ ot
. -

The single-pan.electric analytlcal balance is also accurate
to 0.0001 g. The maximyn cipa01ty -is generally 200° g. .It-1is.
very delicate and requirés dll- the precautlons stated for'the
double-pan analyWal balance.- This balance is a self-contained
.unit and requ1res no stpndard weight set. '

Y . * ¢ '

Single-pan analytlcal bglances are produced by several
manufacturers and each manufacturer makes; many different types
,0of balances. Therefore, the procedure given insthis lesson is
Verx general., Y&u 'must have an 0 &€ M manual. for your balance.

*
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he manufacturer will provide one upon.request. The instructior
you receive in this lesson.will allow you to operate any single- «
pan analytical balance after a little practice. The instructor -

- will fully explain fh%'pélance you will uge. o y

.The triple’ balance,'is .on¢ of thé, least accurate
‘balances used, in oratory work. It weighs to the nearest
0.1 'g. You may‘'have one that weighs to the nearest 0.01 g.

The capacity of thisabalance ranges ‘from 200 g. to 610 g. The
trip balance is very sengitive to. air currents in the lab. A
person walking’By'the'baﬁance while it is in operation can caus
inaccurate results. .The trip balance is a delicate instrument ¥ .
* It“requires all the carxe of a doublé-pan anlalytical balance. .
Since tHe trip balance is not self-enclosed, use' it only in an
isolated area of the lab where the air currents are at a mini-
‘mum,. - . -

The opgrational procedure for the trip balance is wvery
» general.” It attempts to-include all possible steps in the
operation of a trip.-balance. .

. S ‘ b

Thé. top-lbading electric balance is the last type of common
laboratory badénce.. It weighs to the nearest 0.1 g., 0.01 g., or.
0.001 g.dépa.iing on the style you purchase. The total capacity
of these balances ranges from 170 gy. to 11,000 g. High capacity
instruments have low accuracy and low capacity instruments have
high accuracy. The unit is self-containgd fequiring no weight
set:' - ' . . o .

Thé top—ioading balance is a delicates}nstrument. It is .
very sensitiveé to  air currents. . 'Place this”balance in an isolated
area of the lab on a sturdy table. Keep it clean at all times.

e

The infroduction which you have just read .includes sevetral
Pieces of information of the types of balances you will need
to use in the laborato¥y. In general, all balances are delicate
instruments. . They all require careful handling. You may use one
table in-the lab to hold all of your balances. . Remémber to choose

an isolated area. ) -
-

. The following i’'§ ,a list of do's and don't's which apply to
all.balances. ., . «/} : )

~
.

1) HANDLE ALL CONTROLS CAREFULLY AND SLOWLY. -
2) NEVER PUT CHEMICALS DIRECTLY ON THE 'BALANCE PAN.
USE A WEIGHING BOAT OR. BEAKER. : o
+ 3).,  NEVER WEIGH -AN OBJECT WHILE. IT IS HOT, OR EVEN
WARM. ¢ ' ‘ . ‘
: J

.

1()9 B

P




_BASIC LABOR i CUEMICAL LABORATORY

DOUBLE-PAN BALANCE

' 1

OPERATING PRCCEDURES

STEP SEQUENCE

g

INFORMATION/OPERATING GOALS/SPECIFICATIONS

TRAINING
GUIDE NOTES
—

A. Equipment Preparation

1. Balance Inspeéection

2 Deternnne the Zero
Po1nt

110 -+

"2. '51owly-operate all balance

2.

. Dust /ghe pans with a
. Return al] controls to

. Inspect the beam and ban

. Release the pan arrest
. Return arrest knobs arrest.
. Inspect lev®l indicator(s)

. With the balance door

hair ‘brush.

control knobs, levers, etc.

ready position.,
¥

support knife edges.

-

ReTea;e~Fhe"beamjarrestr~ +

mechanism,

position.
\ .

e

closed, release the beam
‘arrest and pan arrest
Ynechanisms.”,

fount the number of small
divisions between the right
most point and 1

point. of the swing.

-most

1

R4

)

\
. The pans must be cle;j and d}y.

.
t-, v 4

. All controls must operate free]y.'

. Rider to zero.
. Zero on milligram str1p must match zero on

vetnier scale. - (‘

. Beam arrest knob to arrest pos1t1on
. Pan arrest knob to arrest pos1t1on 4

. The knife edges must be the ‘proper pos1t1on for

correct,openat1on

L]
[

-

. The beam'should swing freely from side to s%de.
. an .

—

\
. If balance is’not level, adjust the movab]e legs

tq level the balance.

. The pointer shou*d oscillate from 3 to 5 small

divisions on either side of the center of the

.- reference scale.

-

. Count to the nearest haTf division.

« . 4 ¢
\ . .




BASIC LABORATORY SK!LL§; CHEMICAL LABORATORY ..

L

OPERATING PROCEDg%ES

~ STEP SEQUENCE

INFORMAT ION/OPERAT ING GOALS/SPECIFICATIONS

TRAINING
GUIDE NQTES

A. Equipment Preparation
(Continued) -

¢

-

3. Divide this number by 2.

4 From the original left
most point, count to the
right the number of divi-

. sions equal to the number
you have calculated. :

5. Return the beam and pan
arrests to the ready
position. .

of

3a. -The number should be to the nearest half,

. This is the m1dpo1nt of the sw1ng ‘which is called
the zero point.

4b. The zero point must be determ1ned before. each

) weighing procedure. f'~ - .

T l‘}' b

-

——Totat-swing ~»7-1/2 divisions —- - —
71/2% 2=

-

3,3/4 or 31/2 to the nearest'half”

.B. Neigh1ng an ObJect

1 Determine the weight

* to the nearest whole
gram. -

NOTE: FOR CONVENIENCE,
MAKE A PERMANENT
RECORD OF EQUIP-
MENT WHICH IS .
USED FREQUENTLY
AND THE WEIGHT OF

. EACH ITEM TO THE

NEAREST +, .1 g.

<

> .

1. Place the object to be
+ weighed on the left pan.

2. Approximate the weight and

- add this amount to the
right pan.

3. Re]eése the beam érrest

slowly.
..

-

- ’ "
la. The balance door is left open dur1ng th1s part of
the procedure.

'y -

2a. Use forceps to transfer the wefghts from the box
to the pan.

2b. Handling weights causes the metdl to corrode and -
changes the weights of the stawmdards.

3a. Releasing too.fast may cause the beam knife edge
to jump off its support. . .

+
nd b

4

[N D

N ' ‘—8171..
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BASIC LABORATORY SKILLS: CHEMICAL LABORATORY / L -~ .
s ’ "‘ : . ' '.:4 %
‘ A\ d ] , . ' . / T
. . " ‘\ t—- - - - - — — - - ,i
] . ‘ N EORMATIAR ~ - ot 'TRAINING |
. L QPER‘ATING PRCCEDURES STEP SEQUENCE . L INFORMAT-ION/OPERATIN@ GOALS/SPECIFX,CATIONS GUIDE NOTES
T ‘ B. Weighing an Object . o 44;3 ) ‘ - '
. " (Continued)”r . 4. Release the . pan afrest ¢ da. Re]easing too'fast may cause the pan Supports to -
] - o . slowly, ) jump off their knifeedgé. - .
5 v« |4b. If the p01ntgr sw1ngs to the left of the zero po1nt ~ '
o ‘ 4 - ‘and remains there, too fuch weight is oh the right ‘ .
. Ty w o, ’ ) pan - r] '
- . . 4c. If tHe pointer swings to.the right of the zero . -
I . A point and rematins thére, rot enough welght is on | .
- ’ * o 4 fro” the r1ght pan '
- . S 1. R R
h -./ - L) ., hi
SN ,giﬁgzzstzg 2ﬁ:mr:23 pag 5& Never add ob subtract-weight from the -left or right
. ‘o s1tnoh . y ) pans with the beam-and _pan arrésts reﬂeased .
- Al po - . 'S . * < . »
. + | 6. Add or»subtréct weight e LA S ’ . . 3
' " . : frem the right pdn as ? . st ) , . .
; Y . indicated by the results L , . T
. . BN \ . “of Ste . . .- . ' . ¢
eiéﬂ;} , // ‘ ' ’ = {78 i P 4 ” ’ ' * Y
¥ '7. S]ow]y releqse ﬁh am 7a. If:the poinger swihgs most]&sté the left of the .
. g L
‘ . - 4 , . ‘ zérq point .and_finally re7a1ns on the left, there .
. N A S ." o L iy toe much wé’bht on theright gan. * ~ s
) d . : i ol B Zb If the pointer swings-most to the, righg of \.the .
y i . 4 S " .zero point ahd finally remains on the right, there ‘.
. . ~ \ o . 15'not epough we1ght Dn the r1ght pan. s . ::7 ' .
) LS e 8. Return the'beam and pan’ ’ . k : ) .
- > . . arrests to ‘the reéUy 1 - b ' LT, .
! . . positlod . roow A ,«"” R '
s L. o ' “\
. 7 <019 Repeat"steps 6, 7’ andf&} '93. Repeat unt1] .adding one gram of welght cauSes the R . .

adding or subtrécttng
smaller. amqunt§ of wejght

pointer tp come to rest the left of the.zero
'po§nt ‘ .
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.BASTC LABORATORY” SKILLS:
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HEMICAL LABORATORY ' .

\ C

-

——

OPERATING PROCEDURES

sxsp SEQUENCE

INFQR&ATIOﬂ/OPERATfNG GOALS/SPECIFICATIONS .

TRAINING
GUIDE NOTES

/

B. Weighing an Object
‘ (ContfnuedI

. : . i

2. Determine,the weight
to the nearest tenth

- of a gram. ,
.
.
A
1
v L N
/
s, .
v, 13 ’
I
] . '
N .

10.

11.

]
2

-

A
“4.,

5.

7

£

v

3: Release the beam apd pan

[y

‘Remove the one.gram of
" weight from the ridht pan.)

Find the total WE1ght on
the right pan and record
on your benchsheet. = = -

. C18se the balange door.

~gith the rider contral,
move the rider to the
-~ 0.5 g. position,

arrests. . P

- ~

- P

»

Return the beam and pan
arrests to the ready .
position.

Add or subtract weight with
the rider as reguired by
‘the results of step 3.

.JRepeat Steps 3, 4, 5.
.a/>

Move the rider to the
.position which has been .

{10a

la

Za.
2h.

-

3b.

[

. determined to be less than

* one tenth of a gram too

'Tight

. This js the gne gram of weight mentioned in 9a.

11a. This is the weight to the nearest gram.

1b. The door is closed to prevent currents from af-,

3a, If the pointer swing favors the 1€ft of the zero

5a. Add or subtract weights by moving the rider in

6a.
- of the zero point,

7a.

/. -t e

N B +
!

. The balance dpor will remain closed during the
balance of this procedure.

fect1ng the freely swinging beam.

Handle the control carefully,
If the rider drops off the bea®m, use forceps to ,
place it back on the beam. R

point, the weight shown by the rider is too much.
If the pointer swing favors the right of ‘the zero
point, the we1ght shown by the rider is not
enough. -

one tenth gram amounts.

Repeat, until adding one tenth of a gram with the
rider causes the po1nter sw1ng to favor the left

, ’

The rider is in the cérrect pos1t1on, when moving

it one place to the-r1ght would be too much

.weight, - ¥

~ 7b. The pointer swing will favor th$1r qht of the zero

, corre
-83-

point when the rider is in its
position..

i"*

-,

-
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. BASLC LABORATQRY SKILIS: CHEMICAL LABORATORY

-

' ) TRAININ
OPERATING PRCCEDURES - STEP SEQUENCE K GUIDE N0$ES

B. Weighing an Object

{Continued) . Record the value of the
rider position as the’
y tenths digit of your

6 -

LY

weigai. -
3. Determine the . The balance door must be
weight to the closed during this pro-
nearest ten- . cedure.
thousandth of a : : .
gram. 3k¥ . Release the beam and pan 2a. Release the pan arrest very slowly so that the
y arrests. pointer swings as 1little as possible.

. Slowly add weight by ro- 3a. Do not watch the milligram strip.
tating the<knob which con- Natch the pointer.
trols the milligram scale. ¥

r

. Stop adding weight When
the pointer is resting on
the zero point or is

doscillating slightly about

~the zero point. .

~

. Rettrn the pan arrest fo

the ready position.

1, { B
. Release the 'ban arrest‘ 6a. The pointer must swing freely 3 to 5 shall
: ) division to the left and the right of the zero

“e point. ‘

. If the pointer swing favors the left of the zero
point, there is too much Wweight from the gold
chain. .

. If the pointer swing favors the right of the zero
point, there is not enough weight from the gold
chain.

-

*




BASIC LABORATORY SKILLS: CHEMICAL LABORATORY

i

-

v s « TRAINING /-
OPERATING PRCCEDURES STEP SEQUENCE INFORMAT ION/OPERATING GOALS/SPECIFICATIONS 1 GUiDE NOTES

/ s [

,

B. Weighing an Object . , : . '
(Continued) . Rotate the chain control 7a. Adjust the weight so that the pointer is swing-
4 . .knob very slightly to add " ing evenly about the zerd point.
or subtract weight as re- | 7b. The swing should not'be less than 2 small divi-
quived by step 6 results. sions to the left apd rightyof the zero point.
. Qead the value on the 8a. The hundredths and" thousandth digits of the
milligram scale which is weight will be obtained from this scale.
opposite the zero of the 8b. The milligram scale 'runs from 0 - 100 milligrams.
vernier scale. 8c. If the zero of the vernier scale is between two
~ small divisions on thémilligram scale, record
the smaller milligram value. ;
8d. If the zero of the vernier scale is between 0 and
70 on the milligram scale, record a zero in the °
. hundredths position of the weight and the appro-
priate digit in the thousandths position. -
. Obtain the ten-thousandths . Determine which division on the vernier scale
digit of the weight from most closely matches any division on the milligran

the vernier scale. scale.”» . ) o
: . Record the value of this vernier scale division

. Return the pan and beam as thé tenithousandths digit of the weight,
arrests to- the ready .
position.

. Remove the object from the
left pan.

Remove the weights from_ Use forceps.
the right pan. ;

13. Return mijlligram scale to
the zero position.

14. Return the rider.to the
zero position.

15. Clqsehthe balance door.
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» BASIC LABORATORY SKILLS..

' N

”

e

2y

. Weighing jnto a Weigh-

‘1. Determine the weight

¥

ing Boat.
of the boat.

2. Determine .the total™]
weight for boat and
chemical. ¢

.

1.

Heigh the boat as speci-»
fied in Procedure B of

X

la. Keep a permanent e
0

%

cord of the approx1mate wejght

this EMP,

1. On the benchsheet add the
weight of chemical desired
to the weight of the boat.

7. Add weight to the right
side of the beam

3. Add chemical to the boat"
- very slowly.

>

3

4, When the po1nter is very -

" near the zero point, return

the pan arrest to the repdy
position.

L

5. Close the balance dobr.

S ,
6. Release the pan arrest.

-y -
. -
.

Y
- » -

v
Ld

7. Turn the release kno;\x
the arrest.positian.

8. Dpen the balance dopr.

o

. of‘th'eighing ts you use.
N - o
la. Use the bench.beet to keep a record of your math-
ematics. . .
2a. Use weidhts as necessary from the weight box.
: '“s ’ . .
3a. If the boat must be removed from the balance pan :
at any time,-return the pan and beam arrests to .
the readysposition.
3b. By adding chemical to the boat, bring the po1nter
. Slowly to the zero point. ¥
3c.-Use the pan-arrest to slow the swing of the
pointer.if necessary. - .
5 ] 4 ;‘
) ¢
4
6a. The pointer sh0u]d swing freely about the zero
¢  point.
6b. If the swing favors the left of the zero point,
the themical wejight is too low.
6c. If the swing favors the right of the zero po1nt,

the chemical weight41s too h1gh

-

* LY .

(‘H,E”ICAL LABORATORY 'Y
& i -
: . —— -
———— = . — , ) . —TRAINING
OPERATING PRCCEDURES _STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONSw GUIDE NOTES
.. . ! A . - - 5 N
C. #eighing a Chemical by. ] . b, .
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BASIC LABORATORY SKILLS:

CHEMICAL LABORATORY

¥

OPERATING PRCCEDURES

STEP SEWBENCE

. ! % .
INFORMATION/OPEBKTi&G GOALS/SPECIFICATIONS

TRAINING
GUIDE NOTES

C. Weighing a Chemical by
we1gh1ng into a Weigh-
1ng Boat.

\ L)

. Add or remove chemical to

the boat as required.

" 7a.

o
7

S __—

. ) .
Only small amounts\éY chemical.

.
-

125.

10. Close the balance door.
’ 11. Release all arrests slowly.] 9a. Pointer should swing at least 3 small divisions
on either side of the zero point. Q
9b. If the pointer swings’ evenly about ‘the zero po1nv,
; -+ you are finished.
‘ . 9c. If it does not, determine whether chemical must
be added or removed as in step 6.
>
12. Repeat steps 7, 8, 9, 10, 10a. When the correct amount of chem1ca1 _is.in the
and 11, as necessary. " boat proceed to step .
13. Return all controls to the . ~
. ready po §1%+on
-
14. Open balance door and re- . 7 >
move weighing boat with .
chemical. .
15. Clase balance door. .
- ~ 'n 1 ) '
[ 4 - Y »
) T~ 4 . ’
, A,- ) . .
7 / -
. ' ’
. ’ -
‘ leBfiz * -87
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BASIC LABORATORY SKILLS: CHEMIECAL LABORATORY -

e ——

Y .. SINGLE-PAN ANALYTICAL BALANCE L

OPERATING PRCCEDURES " STEP SEQUENCE INFORM%TION/OPERAIING GOALS/SPECIFICATIONS G&TééNhgggs

- e

A. Equjpmenf'Preparation ’ -

1. Balance Inspection Dust the pan with a soft -} la. The pans must be clean and dry.
hair brush. \ )

. Operate aTl balance con- 2a..A11 controls must operate free]y
trol knobs, switches,_etc. | 2b. With the release knob at full.release, the re ¢
. light must be on the read panel.

. Return all controls to the | 3a. Main release knob to full arrest position.
ready position. 3b. AN weigbﬁ control knobs-at the zero position.
*

. Level the bafancen 4a. Inspect the level indicator.
4b. Adjust 'the movable 1&gs—fo 1eve1 thé balance.

2. Zero the Balance .'Turn the release knob to : L .
full release. . :

With the zero control, make} 2a. See the 0 & M for the specific balance to locate
the readout panel show all * _the zero control.
zeros. 2b. If the balance has a milligram scale and a vernier] *
scale in the readout panel, make the zeros on
®*  both scales match. »
“

N

: Turn thg\re]ease knob to
the arrest position:‘

.' " : ¥,

B. Weighing an Object

-

1. Preweigh the Object | 1. Place the object on the
) pan.’ " .

2. Determine the wejght of 2a. This step applies offly wh he balance has an
‘the object to the nearest Aautomatic preweighing meChanism. (See the manu-
whole gram with the auto- . facturer's O & M-manual for location of the con-
matic preweigh control. trol knob 2nd operation instructions. )

2b. If the balance does not have an automatic preweigh
ature, go to procedure 2.




__CHEMICAL LABORATORY

y b

N
OPERATING PRCCEDURES

STEP SEQUENCE

INFORMATION/ORERATING GOALS/SPECIFICATIONS

TRAINING
GUIDE NOTES

B. Weighing an Object
{Continued)

M -

]

2. Determine the Weight
to the Nearest Whgle
gram._

. Usindthe hundreds, tenSe.

and unit gram control
knobs, set the weight on
the readout panel to value
given in step 2,

. Turn the release knob to

full release.

. Turn the release knob to

the arrest posjtion.

. Place the object on the
’ba]ance pan.

. Close the balance door.

. With the hﬁndreds of grams

control add 100 g.

. Turn the release knob to

the full release position.

. Turn the release knob to

arrest.

Y

. Add or subtract 100 g

from the balance as indi-

cated by the readout panel.

. Some balances havg a combined 100 gJﬁO g.
" If this is the case, go to step 8.

. Some balances have a half release position.

N -

. Set weight to the nearest gram. _
. If the preweigh value was between two whole gram

values, set the weight to the smaller value.

. Some balances have one contrdY knob for the hunp

dreds and tens of grams.

See the 0 &M manua]
for your balance. ° A

. The readout pane] will indicate that the we1ght

on the balance is too Tow.

[ - , -

Thi's
position must be used if available. See 0 & M

manual. °

. The balance readout panel will 1nd1cate whether

you have dialed too much weight or not enough
weight. See the 0 & M_manual for the indicator.

. When weight is dialed on or off, the balance in

the hundreds position, the release knob must be
in the arrest position.

3

. The weight is correct when an additional 100 9.

would be too much weight.

¢ .

control.
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OPERATING PRCCEDURES

© STEP SEQUENCE

INFORMATION/QPERATING GOALS/SPECIFICATfONS.

TRAINING
GUIDE NOTES

B. Weighing an Object
(Continued)

r

10.

1.

b

13.

1a.

Repeat steps 4, 5, and 6
as negessary., '

..With the tens, of grams

control add 10 g.

. Turn the release knob to

the full release position:

“Turn.the release knob to

15. Add*or subtract 1~g:

arrest.
Add or subtract 10 g. from

the badance as indicated
by the readout panel.

Repeat steps.9, 10, and
11 as necessary. (

Turn the release knhob to
the full release position.
With the one .gram control,
add 1 gq.

' - -

of. «
weight as indicated by the
readout panel.

’

e

16. %epeat_step 15 as neces-

sary. |

P

Sa.

9b.

10a.

Na.

13a.

14a.

15a.

16a.

,

Some balances have & half re]ease position. * This
position must e used if avaijable. See 0 & M .
manual.
The balance readout. pane] will indicate whether.
you have added too much weight or not enough
weight. "See the 0 & M manual for indicator.
¥ J
When weight is dialed on or off the balance in
the tens position the release knob must be in
arrest position. ' .

LY
The weight is correct when an add1t1ona1 10 g.
would be too much. . -

‘

Do not use the half release p051t1on even if it
315 ava1Tab1e

The ba]ance readout pane1 will indicate too %%//
weight or not enough. * See the 0° & M manual for
the indicator. )

The release knob remains at full release”,

14

The weight is correct when addition of 1 g. would
be too much weight. -

(Continued)

»
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BASIC LABORATORY SKILLS:

CHEMICAL LABORATORY

OPERATING PRCCEDURES

)

STEP SEQUENCE

¥

- &
INPERMAT ION/OPERATING GOALS/SPECIFICATIONS

TRAINING
GUIDE NOTES

B. Weighing an ObJect
{(Continued)

4

'

+3. Determine the Weight
to the Nearest One

Tenth Gram. LT

SEE NOTE IN INFQR-'
MATION COLUMN.

-

1. With the 0.1 g. control
add 0.1 g. of weight to -
the balance.

2..Add or subtract 0.1 g. of
weight to the balance.

3. Repeat step 2 as neEessary.

¥

4. Record the hundreds, tens,

“ b - gn]ts, and tenths digits
- f the weight on your
%

4. Determine the Weight
to the Nearest
0.0001 g.

Milligram
scile

. 7

benchsheet.

1.-Read the_value of the

milligram scale across
from the zero on the
vernier “scale.

I

Vernier
‘/ scale
'Z; , M

1 3 2reauout Panel show1ng
total weight of

. 123.730% g,

1 16a.

la.

2a.

3a.

la.

1b. Jf the vernier zero is between two small d1v1sions

NOTE:

Some balance have a 0.1 g. control and
some do not. See the 0 & M manual. If

the balance has a 0.1 g, control, con-
tinue with procedures 3 and 4. If the
balance does not have a O.t g. control,
, to procedure 5.

The balance readout panel will indicate too much
weight or not enough.
indicator.

The ré&lease knob remains in the Full release
position.

’ \—

The weight is correct when an additional 0.1 g.
would be too much.

3
5
+

The zero of the vernier zero is the reference
point ' for the milligram scale.

= on the milligram scale, record the value of the

Ic.

weight will be 0

division with the lesser value.
If the vernier zero is between O and 10 on the
milligram scale; the hundredths digit of the

.
L} ’ .
.

_91_

See 0 & M manual for the

go

po

F
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BASIC LABORATORY SKILLS: CHEMICAL LABORATORY

.
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OPERATING PRCCEDURES STEP SEQUENCE - INFORMAT [ON7OPERATING GOALS/SPECIFICATIONS A

B. Weighing an Object i

(Continued) . Record the hundredths and ."On yoyr benchsheet.
tholisandths .digit of the oL '

weight. - )

. Read the vernier scale for . Find the vernier scale division which most closely
the ten-thousandths digit matches any division on the milligram scale.
of the weight. ’ o
. Record the value of vernien . On your benchsheet.
scale division wpich
matches a milligram scale L. :
division. . —

. Turn the release Knob to
full arrest position.

. Remove the object from the «

balance. :
. Return all controls to the } 7a. Turn Qeight controls slowly. ~
\ ready position. B .

-

s

. Determine the Weight . NOTE: "This procedure applies only to balances with
to th¢Nearest . . a completely digital readout in.the readout
0.0001 g. See Note : panel. These balances have no vernier scale.
in the Information . .

_ﬁoTumn. , w §ﬂ . : ;. o ) s




A

' 3

-

.BASIC LABORATORY SKILLS: CHEMICAL LABORATORY:
/ R Coe _

S

OPERATING PROCEDURES

“STEP SEQUENCE

INFOﬁMATION/OPERATING GOALS/SPECIFICATIONS

1=~ TRAINING

GUIDE NOTES

B. Weighing an Object
“ (Continued)

hY

. Turn the fine adjustment
cortrol until=d fine ad-
Jjustment division is -
located precisely in the °

. light sTot.of the 1ndex

- fork.

<

2. Record the nesuli?

3. Return a]l controls to the
‘ready position.

AN

la.

2a. On_xpup benchsheet.
Wy, |

o*

See figure hefw. Fine adJustment

d1v151on.

A lndex fork -

¢ Readout Panel show1ng total we1ght
of 114 7325 g.

i
.
Vi

. Ne1gh1ng a Chem1cal by
Ne1gh1ng into a Weigh-
ing Beat.. ~

1. Detérmine the Ne%dht
of the Boat.

2. Set.the petht Con-
“trols on the Balance.

-

)

.
-

1. Use the appropriate
cedures 1n part B.

pro-

1. 4m the.benchsheet, agd the
weight of the boat and the "

desid wekgh\tithe chem-]

ical.

.

. of part B.

. Th® boat will remain on the balance pan at the end
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v, MIC LABORATORY SKILLS: CHEMICAL LABORATORY ) ' ) .
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- . ) ; . TRAINING
OPERATING PRCCEDURES STEP .SEQUENCE . INFORMATION,‘JATING GOALS/SPECIFICATIONS GUIDE NOTES -
. C. Weighing a Chemical by | o ' . i
. Weighing into a Weigh- : . - . , -
L ing Boat. (Continued) 2.. Set weight cohtrol knobs. 2a. The 100 g., 10 g., 1 g., and 0.1 g, controls. .
. . , to the total weights. 2b. If there is no 0.0 g. control and no vernier
. ., ! . scale, set the thousandths and ten-thousandths .
. . . . : © digit with the f1ne adjustment contro]
iR
3. Weighing the Chem- . * . -y, » : N
ical. 1. Open the balance dogr. . '
. o+ .
2. Turn release knob, to full * -
L release. (¥ °
N . N \ , - [
° 7, ) 3. S]ow_]y add chemical to the | 3a. Until the readout panel indicates the proper h :
Jy ¢ : ‘ . boat. weight. . : —N\
4 4. Close the balance door.
5. Turn release knob to full . :
-~ | arrest. . ) &
. : ~F o . . ]
w . . ¢} 6. Turn release knob to Ul ' \
. .- /release '
. 3 ~ | 7. Read total weight on read- | 7a, If weight is not correct, go to step 8.
_out panel. v . 7b. If weight is correct, go to step 10.
I e , 8. Add or subtract chemical | 8a. If chemical must be -removed, turm release knob to
e - . e from the boat as necessary arrest before removing the chemicaTl.
. - . - e’ .o~
! L, - . 9, Repeat steps 4, 5, 6, 7, | 9a. Until weight reading is correct. ’ .

“"f. | and g as necéssary, . . . R St
N - 10. qun all controls to ready 4 * o AT
A S J - position. ) . _ A »

e ] a5 11. Remove boat and content ( : R ' .
‘ 13'5 " from-pan. . » . 139
' @~ " -+ 7 1R. Close balance door. : T .




BASIC LABORATORY SKILLS:

C e

CHEMICAL LABORATORY

~

)

~ 1

OPERATING PROCEDURES

STEP SEQUENCE

INFORMATION/OPERATING ‘GOALS/SPECIFICATIONS

TRAINING
GUIDE NOTES

A. Equipmént Preparation

r

. The pan is removable.

13

(Continued)

1. Balance Inspection 1. Clean the pan with a soft la :
. ) cloth or towel. 1b. Use soap and water if necessary. .
‘ f lTc. Par must be clean and dry. »
‘ -
‘ 2. Operate all controls. 2a. A1l contro]s must’ operate freely. .
3. Return all controls to the 3&1 Weight contro] and digital counter to zero. v
ready position. 3b. Readout panel must show zeros in all weight read-
N outs. .
-~ e & - -
4. Level the balance. . 4a. Center the level indicator bubble in the center
- of the circular marker by turning the legs at the .
. front of the balance. “
® ~ v .
2. lero the Balance if Turn the balance on. la. There*will be an on/off sw1tch See 0 & M manual
¥ » for 1ocat1on . - '
2. Set the readogérpanel to 2a. Use Ehe zero-adjustment control. See 0 & M manud |
read exact]y . for location. ’s
. - 2b. Some balances have course and fine zero- adjustment]
: ) controls. See the 0 & M manual. . E
)4’ !
B.- Weighing an Object ° 1. Ptace the object on the la. Gent]y —~
) B : pan. 1b. If-digits appear and remain on the optical scale
of - the réadout panel, go to step 3, Af not, go to ,
the next step. - : .
C ) 2. Turn the weight gontrol 2av Unit weight may be 10°g., 100 g., 500 g., or
- knob to add weight oné unit .1,000 g. ]
‘ at a time. : 2b. Add weight slowly. f




BASIC LABORATORY- SKILLS:

-CHEMICAL LABORATORY

OPERATING ﬂéCCEDURES

STEP SEQUENCE

INFORMAT ION/CPERATING GOALS/SPECIFICATIONS

* TRAINING
GUIDE NOTES

B. Weighing an 5bject
(Continued)

2c. 4Until digits remain on optical scale.

'] L ¥ 4
: . Digit Optfical: Scale Division
Scale ) Lines
Pointer
. ! ]
. »
v g B \
®
1 ‘ .
Readout Panel before final

\ =
3. Turn'the digital counter
until the next lowef scale

division line matches the'
pointer. .

4, Turn the balance off.
. Remove object from pan.

6. Turn all controls térthe
ready position.

N

adjustnient.

3a. See the 0 & M manual for the, location of the
digital counter control.

Scale Division
Lines

Digit Optical

., Scale
Ny

Pointer -

- o %0 0o

- Readout Panel sﬁowing total
weight of 1150.23 g. °




. BASIC LABORATORY SKILLS:

CHEMIGAL LABORATORY

'
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L

OPERATING, PRCCEDURES

STEP SEQUENCE

INFORMATION/OPERAT ING GOALS/SPECIFICATIONS

TRAINING
GUIDE NOTES

L4
. Determine tRe weight of

»

trols. They must be placed 2n a level surface.

: /

C. Weighing a Chemical 1 la. Use procedure B. . e TN
by Weighing into-a the boat. N o, T
Boat. . N ‘\_y Vs

2. Add tie weight bf-boat and| 2a. Use benchsheet. 7.

7 desired weight of chemical .

3. Set the first and last 3a. Set all the digits which _g__g_ appear on the
digits. of the total os the optical scale. See the Q & M manual. -
readout panel. ,

- 4. Slowly add chem1ca1 to the ] 4a. Until optical scale shows the correct digits and
boat, the scale division line matches _the pointer:/

5. Turn off ba]ance/

' 6. Remove the“boat and con- ’
' tents. : . T ‘
7.’Return all controls to the ‘ .‘g
- ready position. . - ' v
A. Equipment Preparation ) . «
»
1. Balance Inspection | 1. Clean the-pan with a soft | la. Pan must be clean and dry.
cloth or towel.

2. Place all weights and 2a. Balance may have‘only weights.on the beam aqr
weight -Controls at the weights on the beam plus a weight control d1a1
zero position. See the 0 & M manual.

ke \
3. Level the balance. 3a. Most tr1p1e-beam balance do not have level con-

145
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i BASIC LABORA‘\,TORY- SKILLS: * CHEMICAL LABORATORY - - —
= |
. - TRAINING |
OPERATING PRCCEDURES STEP SEQUENCE INFORMATION/OPERAT ING GOALS/SPECIFICATIONS GUIDE NOTES
A. Equipment Preparation ‘ .
(Continued)
ny
1. Balance Inspection '
(Continued) ] \
/ .
[ §
» - ’ - t ) ¢ ! “
> . N\
. 1 ) ¢ . . L] ‘
2. Determine the Zero 1. Observe the range of the la. Count the total number of small divisions aboveg .
. Point of the Swing pointer swing. and below the ¢enter division.’
. ' 1b. Swing range mus® be 3 to 5 divisions above and
— : . X below the center\ivision. )
o —_— 2. Determine’the center point | 2a. Divide the total pumber of divisions by 2. Count
) of the s%ing range. from original Apperost point of the swing down
- . ,‘ “+ to the center|poi ' \
- - - : 2b. This is the z€ of reference for this -
. : . ) weighing. J . .
‘ — . lero p°:‘y \ 2c. Determine the zero point for all weighings. . .
—— Total swing 6 1/2 divisions ]
’ - 61/232=31/40r3 NOTE: This type of balance can be quickly zeroed by . ” |
T - a zero adjustment control. (See 0 & M Manual |
— for location and operation.) This proce_edure . |
- ' ) a would replace the zero point.determination.
. " 4
-~
p— ~ . * .
'»\ . z- i . . — '
o - 140 ! ) R

[M -98- Lo~ | : . | . .




s LABORATORY SKILLS:

CHEMICAL LABORATORY

OPERATING PRCCEDURES

STEP SEQUENCE

INFORMATION/OPERATING GOALS/SPECIFICATIONS

TRAINING
GUIDE NOTES

B. Weighing an Object

. Place the object on the

pan.

. Move the largest rider -to

the right one notch at a
t]me >

Repeat step 2 with smaller
rider’s.

. Move the d1g1ta1 slider to

the right in short incre-
ments.

“
. Read the total weight ?

shown by the riders and

digital -s‘h’der‘

Retwrn all weights to the -

.zero position.
. Remove object from pan.’

. Turn dial slowly.

. Total the weigﬁts on the

beam and the dial.

. Return all weights and dial

to the zero point.

. Remove object from pan.

)

la.

2a.

4a.
. Move until the pointer swings evenly about the

4c.

4d.

"~ point.

8a.

9a. See 0 & M manual for'reading the dial.

Gently.

Until an‘additional notch adds too much weight.

-The-pointer w1l remain below the zero point.

Then, move the rider back.one notch.

~

If the balance has a dial, go to step 8.

2ero point.

If the pointer swings more than 3 divisions above
and below the zero point, dampen the swing by
touching, the pointer gently-with a pencil point.
The slider should b¢ moved to, the left if the
po1nter swing fdavors the area “below the zero

-

Until the pointer s&ings even1y about the zero
point. .

.

1

=99~




BASIC LABORATORY’ SKILLS:
. 4 *

CHEMPCAL, 1 ABORATORY.

1 .
v

[4

OPERATING PROCEDURES

TRAINING

C. Weighing a Chemical bx
we1gh1ng into g Boaty

© STEP SEQUENCE,

‘,‘ T ‘ C e
. Detefmine the weight of
Jthe weighing boat

. Add the we1ght qﬁ the boat
and ‘the desired we1ght of, -

tHE chem1ca1

. Set the total weight o
the balance.”” . ;
. Add créﬁ.mal to the.'boat.

1,

«é—r"q

5. dbmove boat and contents
from pan

- A U

‘6. Return rider. and §lider or.
d1a1 to zero position.

4b.

2.

+ 22,

a.

¢
4a. Until the po1nter sw1ngs.even]y -about the zero

5a.

INFORMAT ION/OPERATING GOALS/SPECIFICAfIONS

~

Usg procedure B.

Dse the benchsheet.

& -
.

Ty

Using rfders and Slider on dial.

¢ ‘-

s point. >

Pointer “should not sw1ng more than 3 small divi-

sion§ above-and below the zero point.

A~ 4c.. Add gg remove cherfical until pointer indicates

' 4d.

the ¢ ct amount

Swing most]y above zero point indicates too
chemical in boat. Swing mostly below zero Ugt
means, not enough chemical in’the boat.

A -
$ .

Gentlxs.

GUIDE NOTES
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. Lesson 9." Volumetric Aﬁblxsts . . -

ot ‘

v. s . L . o .

L]
¢ In volumetrlc anaIys1s, the analyst determlﬂes the volume .
aof a solution, the exact cbncentratlon of which is known, re- * )

qulred for réactjon with a known’ amount of sample to be analysed.
The solution, of ‘Known: concentratlon is called the standard solu-
tion. 'The process used to carry out the add1t10n of the standard
"' solution:tY copflete thé chemical reaction is known>9a'a titratiopn.
The volute of solution added is measured. with a burét. Volumetrgg\

.» Methods are of§en called tltrlmetrlc methods since they requlre
‘a tltratlon. -

- R B

v N In a dissolved oxygen determlnatlon referrgd to as ( )~ -8
. the final steép in the analysis.is a volumetrlc titratiom g '
_sodiuym thlosulfate (Na 25,0, 5 H,0) as the standardsreagent.

" The 9gact concentratlon 8f the thiosulfate is determined¥by titra-
tien’adainst ‘a primary standardapotass1um biiodate [KH(IO3) 1.

« ‘A-primarny standard is prepared.in. such a way.that its con=
centration- is k;own, the boncentﬂatﬁpn of the thiosulfate may’ be
getermined. THe cqoncentration of these species will be referred’ .

.t s "Normal" represented by N.. It i} 1mportant that this letter - ‘
be assoctated with the numercial concentratlon at all times, i.e. '~

--0.0375N sodium tthsulfate (Naz:s *5 HZO) This means that

he solutl‘on of zg:llum thlosulga%e has beén prepared in such a T

.manner that its- centrat}zn\}s now 0. 0375 Normal or 0. Q375N

; Follow1ng is a procedure for the preparatlon and ’stand#d-
tzation of seédium thiosulfate. (Na.,S ‘? H 0) usingka primary
standard potass1um biiodate [KH(Ia f ? “t N :

2,0 ¥ . '
R

1




. BASIC LABORATORY SKILLS:

CHEMICAL LABORATORY .

- -

*Ag;‘zszérat1on and Standard1zat1on of Sod1um Thiosulfqte (Na 5203 5H 0)

OPERATING -PROCEDURES

i STEP SEQUENCE

INFORMATION/OPERATING GOALS/SPECIFICATIONS -

TRAINING
GUIDE NOTES

. Reagent Preparation

1. Sodium Thiosulfate
Stock Solution, 0.75

Normal
® >

. 2. Sodium Thiosulfate
.Standard Titrant,
0.0375 Normal
{0.0375N)

. >

-102- ¢

153

N

. Boil atout 1500 m1 of dis-

ti]led water for 3 minutes.

Allou the water to cool to‘l

rodm temperature.

. weigh:186.T5 gms of sodium

thqosulfate

Na,S505"°

(v

pentahydrate,
5H 0 YQ

]

. D1ssolve in abdut 500 ml
_.of the cooled distilled

water, »

. Dilute to .k liter (1) in a

volumetrich\flask and-mix
thorough]y

.'r\
Transfer~to 3 dark storage
bottle.

Add 5 ml of- chboroform,
Store>the solution' in-the
refrigérator. . 6

Dilute 25.0 ml ®f the
sodium thiosulfate stock
soTution to 500 mimgn a
velumetric flask and nrix
thoroughly.

-

o

»

la.

1b.

1 3 UZan ®nalytical balance.
- 3b.

. Use a small graduated,cylinder to measure the

v

1f one liter of solution is.nof needed,
«0f chemical and waterrmay be cut by one- half one-
third, etc. . . .

F)

chloroform.

Use a 26.0 ml pipet to measure the 'sodiuam thio-

sulfate stock solution.

Be carefu1 not to'dray any chloroform into pipet.
b, I,

.

[l M ¥

the amounfh

- . ) Nt
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A. Reagent 'Preparation

K 4

BASIC LABORKTORY SKILLS;

CHEMECAL, LABORATORY

M

-

. Preparat1on and Standard1zg}1on of Spdﬁum Th1osu1fate (Na S 03 + 5 H0) . -

o

- ——

b

OPERATING PRCCEDURES

4

: STEP SEQUENCE

TRAINING
GUIDE NOTES

(Continued)

{ '

3. Pofass1um Biiodate
Standard [KH(IO )2]
0. 0375N

- "
2. Add 3 ml of chloroform.
’ &

3. Transfer the solution-to
a storage bottle and label
as 0.0375N (Approximate)
sodium th1osu1fat¢

Na25203 5 H 0

-~

4. Store.,the solution in thes
refrigerator.

1. Dly about 6 g. of potas-~ .
sium Biiodate [KH(IO )2]

in the oven at 1039C for
, 2 hours.

2. tobl ina desiccator.

3. Weigh 2.418 g. of the bi-
*iodate. -

4. Transfer the giodate to
a 500 m1 volumetric flask,
washing the weighing boat

“with distilTed water.

5 Dissolve the biiodate in
about 250 ml of.distilled
water.

6. Di}ute'to 500 ml in a

vplapetrdc flask and mix
ughly,

~

s § : )
INFQRMATJION/OPERATING GOALS/SPECI FICARTONS

2a. Use a small Qrdduated'cylindeF‘to measure' the

chloroform.
rF 3
¢ S
. ’ ,
4 »
&
[ ]
) - -
la. Use a trip balance. ,
K L4
- - : -
la, Use an analytical balance and a weighing boat
. ” - . ‘A N
\ ' ”\ ) ' \
" ' . U N
¢ -
- "
8 i
. . :
L
A A

-
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BASIC LABORATORY SKILLS:

CHEMICAL LABORATOBY

Preparation and §tandardjéation of. Sodium Thiosulfate (Na25203 5 H.0

'

- G
S

OPERATING PRCCEDURES

- STEP SEQUENCE

AAJ'*‘j ~
INFORMATION/OPERATIN!fGOALS/SPECIFICATIONSJ

TRAINING
GUIDE NOTES

A. Reagent Preparat1on

(Cont1nued)
A 3 -
L)
» e
4, Su]fur)c Acid (H 4)
Solution, 10% .
by yolume
q '} .

pc

.
12

B. Standa:iization of .
Sodium Thiosulfate
Titrant.

1. Potassium Biiedate
Standard E;H‘IO3)2]
§

-104-

7. Transfer 125 ml %f this
solution to a clean volu-
_metric flask.

8. Dilute this solution to.
500 ml and mix thoroughly.

9. Transfer to a storagh®
bottle and label as 0.037N
potassium biiodate

ard.

1. Pour 90 ml of distilled
-water into a 125 ml Erlen-
meyer flask?

2. Add 10 ml of concentrated
sulfuric acid (H 504)
. the' flask and m1§
thoroughly.

3. Allow the solution to cool

to room temperature and
transfer to a small glasse
stoppered bottle.

s

—_—

. Weigh 1-3 g. of potassium
iodide (KI?

2. Transfer the potassium

jodide (KI) to a 500 ml

Erlenmeyer flask.

[KH(IO )2] pr1mary stand-

7a. Use a 100'm1 and a 25 m] pipet to measure. the
biiodate solution.

—~ -
. 1)
. '."l
-~
o .
la. Use-a graduate cy11nder to measure the d1st111ed
water,
&£
. . "
. Use a small gradua linder to measure the
sulfuric acid.
2b."CAUTION: Heat will be generated by the addition.
~ -
. -
e % ; “ . .
1. Use a t}i.p balance. - # t

L .

15%




BASIE LABORATORY SKILLS:

CHEMICAL LABORATORY

\

Preparation apd Standardization of Sodium Thiosulfate (NaZS 0\ - 5 HZO)

.7

273

y

OPERATING PRCCEDURES

STEP SEQUENCE

INFORMATION/OPERATING GOALS/SMECIFICATIONS

TRAINING
GUIDE NOTES

B. Standardization of
Sodium Thiosulfate
Titrapt. (Continued)

. Dissolve in 100-150 m] of ’
. Add 10 ml of 10% by volume

. Pipet 20.0 ml of the potas-

. Place the solutfon in the
dark-for 5 minutes.&——~_]

. Add enough distilled water
. Ft11 a 50 m] buret with

. Add the solution from the

. solution at~a fast drop-

. When the color changes to,

distilled water and mix
thoroughly.

sulfuric acid solution and
mix thoroughly.

sium biiodate standawd 1
(0.0375N) into the solu-
tion and mix thoroughly.”

to bring the volume to
300 ml and pix thoroughly.

the standard sodium thio-
sulfate solution.

burette to the biibddate -
wise rate.
a pale yellow, stop the

addition of sodium thig-
sulfate.

. Use a graduate cylinder to measure the wateg.

3

. Use a graduate cylinder to measire the water.

"
-

. Use"a small graduate cylinder to measure acid.

R

4

. The cojor of the.so]ution‘is’reddjsh-brown.

I

. Make sure there are no air bubbles in the tip of

the bufet.

t
L) LY

. Swirl the t"odate solution du_ring the addition. -
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BASIC LABORATORY SKILLS: CHEMICAL LABORATORY -

TRAINING
GUIDE NOTES

s Preparation and Standardization of Sodium Thiosulfate (Na25203 . 5‘H20)
4
OPERATING PRCCEDURES STEP SEQUENCE. INFORMATION/OPERAT ING GOALS/SPECIEICATIONS
Stapdardization of i - ’
Sodium Thiosulfate
Titrant. (Continued) 4. Add 1-2 ml of starch solu-]| 4a. Use a small graduate cylinder to measure the
tion and mix thoroughly. starch solutjon.
4b. The color of the solution is 1ight medium blue.
A 5. Continue the addition of )
sodium thiosulfate and
swirling. ,
6. Stop the addition when 1 6a. Some particles or turbidity may be present but
. drop of sodium thiosulfate  the color of the solution should be similar to
causes-the solution to * that of water.- ) <.
turn colorlesss )
7. Record the ml1 of sodium
thiosulfate used. \
) 8. Repeat the standardization @ ' .
at least once more and use ,
the average titration re-
- sult in the following .
B calculation. ) - - éc; -
3. Calculations - [ 1. Divide the m1 of sodium -la. The result is normality of sodium thiosulfate.
- thiosulfate used in 0.75. ' -
. , The formula used above is arrived at as follows:
- "INormq}ity of 5oﬁium thiosulfate x ml of sodium‘thio-
sulfate = normality of biiodate x ml of biiodate.
& I -Three of the four quantities are ‘known: ’
) ' . 1. ml of thiosulfate = volume used in the titration
16« [step 7 above) . '
A * | 2.'Rormality (N) of biiodate = 0.00375 (Step 9, page

104.) o
: : ™
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BAS~IC LABORATORY SKILLS: "CHEMICAL LABORATORY

Preparation and Standardization of Sodium Thiosulfate (r\ia25203 5 H,0) -

o

: — Y - X TRAJNING' ' .
OPERATING PFCCEDURES ) STP SEQUENCE INFORMATION/OP&RATING,GOALS?’SPECIFICATIONS‘ GUIDK NOTES . {
- - v . - . P g R N !
B. Standardnat@on of ..} - . . o ] . . . e B 7 N i“%
T Sodium Thiodulfate . ) - ‘ : B
N . T1trant (Comtinued) - ¢ : L 3. mT ofsbifodate = ?&.0 (St_ep"S, page 105.), c
' . ’ . ) ! / ]
) - — Therefore: Normah‘ty of thiosulfate = O
. ‘ . SR et a0

y,

S, ' 0.0 ml X 0.0375 N q b
v 7 - U "“* ml of -th1osu]fate used in t1f'ratlon ’ . N

et 0,75 il S
- f d ]
o ’ . ml of thiosul ate used in t1gat‘io’n J ' e
v . . g ) : - | For example, 1f Athe htratxon required 18,5 ml of,
- % thiosulfat®, then: . '

. o \ - hs .
i - . . . .

¢ o L A C —08 2 = 0.0405§ '

~ * N -

.
. - . - . )

, B \/' ) - e This is the correct normahty of%he standard tmo- .
: , ) ~ | sylfate solution and shauld be recorded on the' - : )
' . . o, thiosulfate bottle. gffee stap 3, page 103.) | ¥




h. Dirty burets, pipets, and other)simﬂar 'a.p’paratus.

; L
" BASIC LABORATORY SKIWLS: CHEMICAL LABORATORY
'. . . N . * 3
- L ¢
i ] " - - . . ‘ TRAINING
OPERATING PRCCEDURES STEP SEQUENCE THFORMAT ION/OPERATING GOALS/SPECIFICHTIONS GULDE {NOTES
CGMMON ERRORS IN A VOLUMETRIC DETERMINATION =
[ - ‘ . rd
: , . a. Uncertainty in purity of ‘the primary standard. -
D - < b. Decomposition of the solution. “”
‘ ") ) N - ¢. Changes in temperature. ° - -0
, d. Careless laboratory technique. '
v +
'\& ’ e. Errors in eighing. :
’ f. Mechanical losses of solution during transfer-of : U
» solution. ; * ' !
g..Improper mixing of solutions.
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+ "MODULE, III.- MICROBIOLOGY ’ "

. \'.~ oo s Lesson 1. Geéneral Pntroduction

~

- \ ’ * ! ‘
Biology is the science that deaIg*W1th llVlng thlngs. T .-
Macrobiclogy is that area of~blo¢05y which deals with those living
things large enough to be seen. by the naked eye, Whereas mlcro- .
~- bilology 1nvolves llVlng organisms that can only be seen with the s

aid of magnification! . . o . L )

'
'

. Two major divisions of Dloiqéy\dre botany, the science of 2-ant
_life, and ZOOlOé/, the science of animal life. :Included under botany
“would be such mlﬁroo”ganlams as algaesy yeasts, and' mcilds ana~:dc“
mac*oorganasms as fangi, grasses, and trees. "Zoology would ¥ntlude

sugh \ni icrobrganisms as wrotozoa and rotifers and macrg ganisms such

as irsects, blrds, 1°has, and nmam:gls.. . . \, » T o,
\ .7 MEASUREMENT AND MICROBIAL-SIZE: R . T . [ !
T ! : i . . . ’ -
y 1 inch/= . - 2.54 cm = - : .
s . .38 1nch = - 1l cm = © 13 o o
: 339 inch = Wl oem o= 1 mg = ;Joyﬁﬂ } \ o
o7 Lod3g ifen = OLcnoz 5 .lmnet 0% - A -
. 5 . . o a - L
.000®39 inch = .001 ¢cm = . L0 mm o= ,LO« T e
/000039 1inch = L0901 cm = L0011 g = lq b 1000 nm
o\OﬂﬂOO%g inech®=a .00007 ¢cm = ' o001l mr’= .lq {;109 e .
000008033 inch = 4000001 em = .00001 mm =, .3lg = 10" am,
L000000039 inch & L C00688CY cmear 2702201 mm = fCOly =. 1 nm=_l9A
vt e ) .
[ . oms - £.001 . Co- .
. < 4 L. P Ry

N »

. An organism ig st Jd‘ed as to its natyre®.whether it 1s‘u‘ant or. #
animal or as an 1161V1asa% 8 udj“ng'an&orsan¢aﬁ as- an ‘individual '
1nciud@> looking"at its-morphology which ent ails. a“atomy,,h*sL0105

L0¢og/, Ind its yhjSlOlOg and emurfuiogy - Organisns cah be-
ed as groups gither’ taxgnomically) eﬁologlﬂa;L r gen tiﬁal;f
. . L4
IS “L!FE?* C ’ , .. -

-/

—_ - . .
def 1n1 ion of "living" is rather difficult tuvmake. It is
“moTe ézp

sily qe%CPLbej by a series of special . attra tes. . An undep-'v
* standing' of these attributes- is critical but, not L¢“1t1ve.1n every
instance.” The basic agtrlbute of all 11v1n5 thlngs is organization.

All" living matter has a, characteristic organLZu ion oeﬂurr¢ng.ﬁn '
‘several levels. Basic to all living. organisms 1g the cell, composeY
of protoplasﬁ, cytBplasm, ‘ana nucleus or nuclear material. Celkls

combine into ‘th‘JCLUral dnits.galled organs in the largag organisms. .

1 . ~

A . " J - 109+ .
Qo . ' . p = . ’ v o
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The total of all the chemical processes going on in

"living" matter is metabelism. .Thi$ tteibUte- allows the
organism to consumg food material, uti 1zing that which is }
' needed and discharging the waste product.” When the consfructive ‘
or synthetic. processes exceed destructive metabolism, growth
occurs. After a cell has grown t# a characteristic size,.., ‘
it divides forming two‘ceIls, the proces$ is lled reproduction.
When only one individual is involved it is referred to as# - .
asexual reproduction. Sexual reproduction takes place when
two individuals are imvolved. ; e :

\ . ) . ’
. f_\ - The ability J¢f a-"living" organism to respond to
external stimuli such as”pressure, tem erature, light and
so forth, gs referred to as 'irritability. [ The fitness of
an organism r the-.environment in which it lives is called ~
. »~ ‘ddaption. Thils attribuYe develops qg!iggh variouys ‘ .
evolutiemary mécKHanigms, and .becomes rtrmanent throcén
inheritance. — W . L
. . ' %
BACTERIOLOGY ' SN Co

. ¢ . . .

- s, o
¢

[SVEPN

Bacteriggogy ceals . the study of micrgorganisms - v~
* xnown as bacteria.. It inclides a large group of. typically
) upicellular microscopic grganisms widely distributed in
. air, water, soil, the bodies of living plants and animalg)
and dead organic matter. The so-called” true bactenia';ﬁ!i;h
a ¢tlass by tnemselves, neither plants nor animals. Sor
‘nighér’.bacteria border on the pladmts and are moére related
/} to tHem; other higher Bacteria border on the animals. [Por )

’ this reason it is not possible to classi#y bacteria with : . '
th® plants or. animals. ‘They are sometimes placed in‘'a third .
"kingddm,  intermediate betyeen plants ‘and animals. For uni- |
formity ,  bacteria are still placed in the plamt kingdom., It .
is quite pbssible that in future classifications the bacteria
will be separate from the plants and made a kingdom equal in
ranx to the plant and animal kingdoms. Bacteria do not exist
as parts of organisms, oniy as single rcells. . S

. , - r

1ot
=

-

-

. N
Bacteria 4re foung everywhere in nature, -.in soil, ,air, and
water. 3Bacteria are fognd -in the human body. They manufacture
. { vitamins and help breakfdown -food and are elimfnated with waste’
" prodicts and decompose organic matter. Bacteria known as
saprophytes live ont dead organic matter, while others 'subsist
on livingymattey and are cdlled parasites, which ¢an be pathbgens, -
y - Pathagenic batteria causefdjsease and are the reason for chlgrin-
) -ating drinking waters, an®*wastewater effluents, Saprophytic ~ .
' organisms are the most ‘prevalent bacteria and are responsible for
\ ~ the organic ‘decompeSition'in wastewater treatment. e

| 14 L4

. There are thousands of typés of bacteria, and.they are ¢ ‘7
classified according to wvariocus characteristics, one of which *
is shape. There.arg three bgsie shapes, a spheroidal, ecell is
cdlled.a coccus; a &ylindrical ,cell (the most numerous in ' )
’ wastewater plants) Shggalled ba01llus;_and the spiral shaped ‘

.
L)

‘o

. . . . . .
. . f . >, L 2 4 : f .

. -l10- ' T ies oL - . RN
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bacteria known as spirillum. Bacteria of *tach shape can appear
+in different groudNngs. - ' .

- i

-

.
-

A BACTERIAL SHAPE'S™ . v
i *" . 1. Coccus (cocci): spherieal er’éklipsodial5l .
= - Coccus © 'Di’ploco‘cci GO ) Streptoc'occi'OO(X) ,
' Staph}"loco’_cci'@ A o _ ‘ )
. 2. Beeil%'s %baciili); eyiine ical or rbd—like
' . Biggllus Diplobacilﬁi .étreptobacilli
- ; N ) R }
Yoe <: ‘3. Spirilium ( piril%a):’ spiral-shaped - ' -
- ~— Vlbrle = 75 -4 0’. . s |
‘ﬁ;:" X . -—

- . Bacteria.éan e déscrlbed by their growth requlrements
. Like other -living obganisms’, bacteria have certain .requirements
for growth. ‘aThe most 1mgprtanL.factors influencing are food

sufficient m8isture‘to carry food into the cell. Bacterial
grﬁyth 1s alsp sensitive to- iemperature and each type has an
al optlmum temperature at which its. growth is greatest. A few

Qrganlsms kﬂbwn 5 psychrdphiles are capable or growing at

5°C'. (41°F) or less; ' those that grow best betwean 25°C (77°F)

and 40°C (10L°E) are "called mesophiles; and (those with an optimum

. temperature . range of 50°C (122°F) to 559C (1§1°F) are called

“th mophules aostforganlsma perfer a pH radge of*B.5 to 8.0

for optlmum growthy There are exceptions.” An rga‘;sn involved

in sewer pipe corrbsion can grow at a pH of 1.0. Besides pH
and-temperature faotors, bactérigl growtﬁ is also.dnfluenced

. by oxyge® availability. Those .cbganisms that require free

oxygen for growth are called perobes; those that grow without

free oxygen are known &s anaerobes ‘\Facultatlve organism® are
fva type ~that .can adapt to either environment. ) e t
R Many other hondltlons affEct the growth znd survlval of
bacteria., Included are llght heat, drying, bacterial agents,’
bahterlogtatlc agenté“ and antlmetabolltes of . varlous kinds.

. . .
\ .
. H 4

<y The‘heat requ;rement “for optimum growth of* bacteria égrles
with "the species and was discussed prev;ously Bacteria dre not
déstroyed by Tow tgmperatures "' Most bacieria reproduce very
slow, or not at all uhdet these cond#fions. When transferred from
the Trozen state ¢o a mere suitable env%rqnmeﬂt

\ R . A
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they can carry on a normal life cycle. Extreme he®t destroys
all bacterial species, although those ich aré in the spore
stage will be capable of withstanding mU®h more heat than :
those whiﬂhbare not. toist heat or steam is more efficient in
destroying bacteria than dry heat.
- . Certain wave—lengths of -1light are destructive to bacterial
cells. Thosa that 1ie in the ultra-vioclet region of the
. spectrum are especially destructive. For desStruction to occur,
. .The lignht ray must strike the cell directly. )
. v
' , Bacteria cannot reproduce without moisture. Drying, .
or dessication, of food materials is therefore a method for
N\ its preservation from decompesition by bacteria. Spore-forming
bacteria may curvlve in a dry environment but they cannot fugction

“o“mal¢/ A

A ge*r;cide 1s .3 substance which destroys a bacterial
cell’ on confac, and a bacteriostatic ag is a substance
"which preven<ts the cell.from reproducing. A bacteriostatic

agent indirectly brings about the destructicn of the bacterial
. culture, since w1thgut reproduc+1on there can be no continuance
of life. The best knowyr gewm1c1de in the water and wastewater,
\; leld 1s chlorlne .

-

»

4
) Antimetaboliffes are® substances which destroy or.alter
¢ metabolic agean or growth fdctors essential "tO, the normal A
) life pgocesses*ef & bacterial cell. Without no&mal grqwth
and reproductldn life ceases. 3Some of ;the antgbiotic drugs
used in treat’ﬂg disease are antlmetabOthes.

i . .

Bacteria are 1dent1f1ed through a systematic application
af procedures which are ‘desighed to (1) secure a "culture"
of bacteria, tWat is a very.large number of- living bacterial
cells if or on-a médium which provides adequate food-for them,
(2) .by succe351ve sub-culturing, secure a Separatlon of the
. i "‘l‘/lduaa. species from eacn oLher,‘ ) determine tRe cultural
cﬁaraﬁterlstlcs of.eagh Dpec1es; (%) determine the morphological
‘characteristics of éach species by exdmination of stained
. preparations oF bacterla* ceLls. ‘ ) . P
There ‘are” Jnany kinds of bacterlal cultures, e. g, growth
in solutions og@ liquid . suspensions of the nutrient materials;
growth in suspensions of the nutrients in jelly- llf!'sub—
‘stance suqh as agar or gelatin, grdWwes.on the surface pf
.animal or vegetable tissue, ahd growth o® the flesh or in the
blood stream of anlmals. Thére are a host of mategyals used
* as nutrients, ranging from simple 1norgan1c salts to organit,
carbohydrates, such as sugars,{fo relatlvel%,51mple protein R
substances such as egg albumin, ®and to the extremely complex
-proteins of animal tissue. ¥ . e




I o -
Sub- culturlng is the process,of securlng grgwth of the
.bacteria in colonies and."fishing" a colony for regrowth.on,
fresh medium. In fishing, a sterile wire is gently touc b
to a surface of the colony thus removlng a few'cells whlaiﬂcling .
to the tip of the wire. 'These are then immediately transferred
“to a fr®h lot of sterile medium in another vessel. Incubation
of the transplants then produces ‘new colonies. A successive -
number of such transfers eventually produces a "pure" culture,
, that is a-culture of a sfngle species. . ‘ .
' Small amounts of the pure cultures are inoculated into
specialized media to determing growth characteristics. These .
media often consist of cérbohydrates oF various kinds differing
in chemical-structure and compléxity. Growth is ysually indicated
by production of a cloudy effect. The number of sSuspended cells
increases and acid and/or gas are produced as the oarbohydrates
are decomposed - by the bacteria. ' ) . -

A wide variety of stains and staining techniques are available
to enable’ the bacteriologist to ofserve size, shape, spore forma-
tion, presence of flagella, etc. under the microscope.

N As a basis for identification, the baCteriologist draws uponib
the written, record of the observations made by generatians of his
predecessofs on thousands of bacterial species.* \

Most waters contain large numbers of bacteria. The numbers
may vary depending upon the source with water polluted by wagte-
"water containing-as many as thousands or .even millions per mIlla~
li*er. There are at least five diseases of bacterial origin which
+ can be transmitted through wastewater contaminated water. It is J
impractical to ascertain.the safety of a water by analy51s for
"each typd of pathogenic bacteria. Most pathogens are very diffi-
cult to isolate and an excessive amount of time would be required
to complete such an analyses. A more practical scheme is to
examine]the ‘water for the presenceror absence of an organism or -
group ox\grggaisms specifically identified with wastewater. The
coliform group of bacteria, whose normal habitat is the large
intestine of man, conforms to this requirement. These bacteria,
* of which there are more’than 30 1nd1v1duaL species, conform to
the requlrements of an ideal indicator of -wastewater contamination
which are: > . ‘

. Always' present when wastewater #s present

. Always absent when wastewater is absent

. Survives longer than most pathogenlc species

. Easily isolated and identified .

SN

TH% coliform group of bacteria ‘are specifically "all the
aerobic and facultative anaegy¢bic, Gram-negative, non-spore form=
ing e roed shaped bacteria whlch ferment lactose with gas formation '
with, 48 hours .at 35°C. Thete are two bacteriological methods *
available for estimafing the degree of wastewater contamination - . Vv
. the‘multiple tube fermentatlon method and the membrane. filter method.
\
* APHA, AWWA, WPCF. Standard Methods for the. Analysis of Water '
and Wastewater, 1975, l4th Ed., New York

’ , : . -113-
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BASIC LABORATORY SKIWLS: MOBULE 111 - MICROBIOLOGY
. Lesson'2. Laboratory Techniques - Media Preparation

’
. 2 " OPERATING PRCCEDURES STEP SEQUE! i CIF TRAINING —* .
. I § QUENCE INFORMAT ION/OPERATING GOALS/SPECIFICATIONS , | GUIDE NOTES .
. 1. Preparation of EC . 1. Weigh 1.85 grams of de- _ ‘| la. Dehydrated media t&ke moisture out of air, becgme N
. Broth O hydrated EC Broth. Close caked. Y
. . cover of bottle of dehy- 1b. Caked media unsatisfactory; discard. -
. 4 drated medium tightly after].lc. This amount i§ sufficient for 5 tubes. 3
removal. ' : € N ,
- - - . Dissolve in 50 ml distilled 2a. Gentle heat if necessary. No boiling.
‘ ) water. . -
' : .. 3. Place 10 ml of the solution| 3a. *ge 150 x 22 mm tubes.
) . ‘of prepared EC Broth in- 3b. ml pipet, automatic pipetter, or funnel and
. each culturegtube. ' pinch@ock are acceptable.
’ . - 3c. Accuracy of delivery: + 0.5 ml.
' 4. Insert one fermentation 4a. Jubes and vials previously washed as indicated. 7 -
vial into each tube of 4b. Use 75 x 10 mm tubes. {
. 2 medium, open end down. ’ ‘
© A T . , 5. P]ace‘&e cap on each 53 After all tubes have been filled. ‘
: o . tube of culture megdium.
ol 6. Sterilize in %utoclave. 6a. After all tubes have heen filled. * ‘f .
, 6b. Sterilization at 1219C for 15 minutes. . ]
= 6c. Medium must be removed f.tom.‘autodave as soon as -8 ’
possible after pressure has returned- to normal.
SRE T 3 . ‘
. . - : \ '
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"~ GLOSSARY . .
" -
) - 4
— kA )
‘Aerobe - An organism that _grows best in the’ presence of free
- ", oxygen. o "

Anabollsm - The canstructive process by which simple substances
are converted by livihg cells into more complex qpmpounds.
Anaerobe - An organism which can grow without elther air or
free - ‘oxygen, ' £ '
e Antlblotlc - Literally, growth-inhibiting; usually depotes
bacteriostatic substance produced by micrcorgapism.
Antiseptic - A substance thdt prevents ot inhibits the growth
of microorganisms w1thout ,Necessarily destroylng them.
Asepsis - Absenee of septgc matter or freedom from micro- —
. organisms. ¢ .
utoclave - An’ apparatus for sterlllzlng by steam 'under pressure. ‘.
Autotrophic - -Capable of living on irorganic matter.
" Baccilus - A rod-shaped bacterium;.a genus of rod shaped bacterla
" of the family Bacterlaceae.
- Bacteria - Minute, One-celled, microscopic, plantlike_ordehisms
which multiply by flsslon and lack chlorophyll
Bactericide - Any agent that destroySfbacterla.
Binary fission - -A form of asexual reproduction 1nvolv1ng
simple cell divis%ion of the gytoplasm®and Mucleus, if
present into two equal parts.
=~ sCatabolism - The process of destruction or bréakdown of tisdue
/ and cells from complek .to simpler compounds. N\
Catalyst - A substance that a celerates a chemical or phy81cal.
_ "feaction without itself being destroyed or changed.
Coccus - Ap organism which is-round, or spherical in shape . ;
Co%ony - A group, of bacteria, on a solid medium, usually .
. _ .. débrivéd from the multiplication of a sLngle orﬂanf%m ’.
- ] ‘ and visibleé* to the naked -eye. . .
Commensallsm --Tiving together of two spet1es, one of which is
’ . “behefited by the association‘while the other is apparentlys=
. neither' benefited nor harmed. _ ] . -k
! Culturé ~ A'gnowfh of -microorganisms. ' r .
Culture medium - Any substance or prepgration suttable for
) , and used for the grthh “and cultiwation of mlcroorganlsms.
Decay - Decomp081tlon of organlc compounds under aerobic
. ‘ conditions fo form amino acids which are then further
- broken. down . - . .
De51ccatbr - A closed vessel for apparatus or chemlcals that
are to be‘ﬁrled and: kept free from m01sture,.usually -con- |

! talns a dehydrating agent.
Dye - A material used for st&ining or colqring, censisting ; -
of benzene rings with chromophore and‘auxochromc grioups.
.Enteric - Pertalnlng to the intestines. .
Erzyme - An organic catalyst produced byl a 11v1ng cell.. .
Facultative aerobe - A mlcroorganlsm which is fundamentally
. .' an anaerocbe but can grow in the p;gsence of free oxygen.
. L R B R
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Facultauive anaerobe - A microorga ism which is fundamentally
"an aerobe but can grow in 'the. absence of free -oxyger.
Fermentation - Incomplete oxidation|of carbcgydrates and
carbohydrate-like compounds by microorganisms.
Flagella - Whiplike processes for motility.
Formaldehyde - HCHO; a disinfectant gas with a pungent odor.
Formalin - A 40% solutlon of gaseous formaldehyde.- ) .
Fungl - A subphylum of plants which do not contain chlorophyll .
including bacteria, yeast, and molds. _‘
Germs - A microbe or bacillus. .
_ Germicide - Syndnymous with disinfelctant. '
Gram-negative: bacteria - Bacteria which- lose _the 1n1t1al staan of
the Gram stain, are decolorized, and ti&e the color, :
¢ of the final stain.
. Gram- positive bacteria - Bacteria which take the 1n1t1a1 v
. stain of -the :-Gram stain and are not decolorized, so
. that’ they .appear purple.
Incubator - An apparatus for maintaining 4 constant and s
. suitable temperature for. the growth and development of
" a bacterial culture or other materials. : .
»

Indicator - A substance, usually & weak organic acid  base,

which changes eolor when the reac%‘fn of a lution

chdanges. . . ST
Mesophlllc bacteria - Bacteria that grow best at moderate -7

temperatures. -
Metabollsm - The sum of all the physical and chemtca® procegses'
by which the tlssues are formed and maintained and .energy
is made available® for use by the body. . R
Micromicron - The milliorith part o% a micron or 10 -10. ‘cm. , - *

" designated by the Symbol 4/4(. ‘ -

. Micron or. micromillimeter - One- millionth part of a meter, or -
. one-thousandth part.of a millimeter, ov 1K25 000 of an’.
* inch, designdted by the Greek letter /(. . .
Mlxed culture - Growth of two or mOre organisms in‘the same
medium. .. . .

Morphologg - The science of‘the form and- structure of organlzed'
eings.

Mycology' - The scjence and stady of fungi.

Obligate aernobe - Ah organlsm ‘which must have free oxygen for -

" ] Its g“owth .. v

Obllgate anaercbe - An organlsm whiich can live and grow only
- in an env1ronment with no or minimal Lmounts of free
. ’ oxygen.' 1

Osmosis ~ Passage throuygh a membrane; when two .solutions of

unequal den51ty are separated by a membrane which selectlvely

prevents the passage of 'solute partlcles but is permeable

. to the solventy pure solvent passes from the lesser to

R .( »the greater conceritration. - . "

Para51te -'A plant or animal which-livés upon or within apother
11v1ng organlsm at whose expense it grows without '‘giving
.anything in return.

Pathoggns - Disease~producing mlcroorganlsms. ’ :

Ph#nol .- Carbolic acid, a colorless crystalline compound C6H OH, .

) _ 'obtained by the distillation of coal tar and having strong

B S 176 : y =117~ .
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. « antiseptlcgand disinfectant ﬁ?opertles. -
Phenol‘c?Pfficient numbey % dicating the relative efficiency

' Jof disipfectdnts. It7isgthe quotlent obtdined by dividing

the highest dilution oié disinfectant, which Kills a
. '~ test orgaggsm in a fixed time by the hlghest dilutlon of
.y . phenol shdWwing the same nesultse .
Protozoa ~ Unicellulan, nucleated, anihal organlsms with : T
diversification and specialized fhnctlons of the prq&oplasm.
. Psychrophllic bacteria - Cold-lovi bacteria whose optimum
- temperature for grow%h i# 50 - 20°C or below.

Pure Culture - S ecific hao*erlal growth of only one type of .
: ., organism/ &
Putrefaetloq = The déeomposxtlon of anlmal Gr vegetable matteyr ..
~ _in 'the absence of‘oxygen and chardcteérsized .by the formation

& “of amino acids, mercaptans, indol, skatol, and‘hydrogen\_

u+;1de, w1$h an aooompanx’ng unpleasant odor.

Stab Cultures - Cultures in which the organisms- are inoculated
far down into the solid butt of the medlpm to allow for
possible anaerobic groyth.M ’ .

tain - Anx dye, reagent, or other m!ferlab'used in. dblorlng L
tlssues or organlsms for microscopic study v

Sterlllzatlon - Thesepocess of freelng completely from aJl

- living mléioorganlsms. o

Streak - JInoculdtion of siant ot plates\w1th a. streak or a dlrect
line movement #ross. the surface of cu@thre media.

Symblos1s - -The 11v1ng<Together or’ close.assoc1atlon of two.
dissimilar opganisms with mutual beneflt."

*

~ Thermal ‘death point - The tegperature which destroys aIl “the. * s
bacteri present hin-a given tjime. N
Thermal death ti The 1€ngth of time required to kill all LY

p . fhe organisms™in a given® subgtan¢e-at- a glven temperature.

gHThermophlllc bacteria - Bacterla whiclf grow besﬁiat a temperature
of 50° - 55°C ' ‘
. -Transfer of cultures - TransPlantlng wiable bacterla from an oid

medium to a fresh new one. - . » '
»-‘l * . ' v A
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'MODULE IV

)LABORATORY INVENTORY: ~ .

& T
) ORDEMING..EQUIPMENT AND SUPPLIES .

s

One of the areas ‘that is often."overlooked in chemical
laboratories 'is the equipment and supplies that are needed.
For the parameters Mhat are required in thd permit, there is
a,listing of all ®uipment and supplies that are required.
These are broKen down into three catagories: -7

'a._gCapitél Equipment
b. #Reusable+Supplies,
c... Consémable Supplieg )
Cépf%al Eﬁ%ipment is usually equipment, purchased on a
one-time, basis.and .1% $100..00 pr more. :
. e - = - . . - '
It should® be noted that some communities or agencies
may have other set figures for distinguishing capital gAu1p- ¢

-~

ment, from reusable .supplims.* Y # ; N
: ; LEER _

-

Reusable supplies are usually legs thaﬁ $10¢.00 but 'will

‘have to be replaced periodically because of brewkage.
. p ,

. Consumable supplies a}e the supplies that will be depletede

by everyday uge. ‘ ) ’ * - . . .

) " F] ‘n 'e . ' ' ‘ ‘ !

‘ ® An example of a supply list for the Fecal Coliform Test -
Multiple Tube Dilution Method is given.on the following pages.
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BASIC LABORATORY SKILLS: Fecal Co]1form Test b) the Mu1t1p}c
Dilution Tube Method

. General Descr1pt1on of Equ1pment Used in the Test Analysis

Iy

e A Cap1ﬂ@l Edu1pment

" 1. Autoclave, providing *uniform tederatures up to and Tnclud1ng 121°¢,
- equipped with an accurate thermometer, pressure gauges, saturated steﬁc
./ power lines and capable of reach1ng wequired temperature\w1th1n 30 minutes.

2. Balance; 0.1 g. sensitivity at 1oad of 160 g.
. .3. Air incubator to operate at 350C # 0.50C. 7
| 2 Ineubator, waterbath, to operate at 44.5°C +0.2°C and to accommodate .

L}

N « tube racks as described separately. .
) - 5. Oven, *hot-air $terilizing, to give uniferm temperatures and with suitable
“ thermometer to register accurate]y in range of 160-1800C. ¢
.6. pH meter, accurate to at least 0.1 pH unit, w1th standard pH reference
‘solut1on(s§ : <
7. Water d1st111ation apparatus (glass or.dlock tin), or source of distilled
® . water suitable for bacter1olog1ca1 cultuyre media. ‘ N
B Reusable Supp]ies ) e . -
. ) &
R Apron,or coat Su1tab1e for Taboratory .
- 2. Baskets, wire for d1scarded cultures:
R Bottles, d11ut1o§r, 6-0z2. screw caps, w1th 99 ml volume level etched on
) one side. "\
(Y " 4. Bottles, samp}e 250 (6 8 0z. ), wide pouth g]ass st5bper preferred..
o 5. Bottle, squeeze type, w1th disinfecting solution o .
; . 6. Burner, ‘gas, Bunsen bwrnel\ type. !
. kg o
" 7. Cans, pipet, aluminum or steel; not copper. (If plastic, or other ‘type
- of- d1sposa1 pipets are used, this item is unnécessary.). XY n
"o ~§. Metal caps* to fit 20 x T50 mm ‘culture tubes s ' .
X 9. Jar to receive discafded pipets | , ‘ ‘
s 104 Inocu]at1on;]oop /3 mm diame ter 1oop of@n1chrome or plat1num-1r1d1um -
* . wire, 26 B& g uge, in-holder. | -
1. P1pets s koml, wntp 0.1 M graduationS, Mehr- type preferred, ster11e,

oot cottdn p]ugged glass or disposal plastdc
12. Racks, culture type '10 x5 openings, to accept tubes at ]east 20 mm

.in dfameter ,
..113 "Sponge ' for %lean1ng desk- top .. o, #e
. " M. Tubés, culfure”, 20°x 150 mm. ’ ' . ' ‘ )
- lS.,Tubes, fermengtmn y 12 x 75 mm vials to be mverted in culture tubes

. . _ .- I

&
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BASIC LABORATORY -SKILLS: Fecal’ Co]1form Test -by the Mu1t1p1e
Dilution Tube Method ' . 4

(. Consumable Suppdies: (must be replaced when 'Stocks det low)
' M .

1. Distilled water, suitable for bacterTodpgical cultures (noté distidlation
apparatus required in capital eguipment ) v

2. EC Broth, dehydrated (recommend purcha of 1- 1b units) ¢

3. Lactose Lauryl Sulfate Iryﬁtose Broth, ydrated érecommend purchase =~ ,
of 1-1b. units) N

4, Potassxum Dihydrogen Phosphate kH POA).(reco nd purehase of 1-1b. un1ts)

5. Disinfectant, for bengh tops. (Use hou;ehoﬂd leach ﬁo]ut1on prepared P

according to instructions on bott]e,)
6. Wax penc1ls (recommend soft wax equ1va1en; to B]a1sde]1 169T)

< 2
’ * .
M
- . b
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* Ttems arked are negded in quant1taes or require size 6? space a]]owances \

b cannot be specified here‘ as they vary according tgq’ the dai™ analysis
schedulé. As a rule-of-thumks, space/sizg or quantity requirements should be ¢
at least .3 times the normal daily requisrements. For further 1nformat10n on - |
spec1f1cat1ons for. equipment-and supplies, see the Micy biology Section of . &
the current ed1t1on of “Stamdard Methods for the Examw‘hon of Water and I ‘ ‘P,’
wastewater " ' oo ‘f . "o
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, ASSIGNMENT #: Equlpment and Supplies for Fecal Coliform

Test - Mu]t1p1e D1]ut1on Tube Method . 7
» oy - . . . ‘

v .
’

Assume that you are respons1b]e ﬁyr the effTuent m0n1t0r1ng tests for your
"treatment plant, which has an ‘average daily. §]ow 18 mgd. : In addition, you
conduct the efflweht monitoring tests for 2 Small pTants in your vicinity,-*
eadh of Wh1cQ has an average daily flow’' between 1 and 4.99 mgd: -

¢

to you by your instructor, for the, items shown beldw {The amount sifould be
enough to last one year. The size of fixed eqq1pmeut should be appropriate

= to the amount of lab work requ1red assume that the sampling schedules will’
.be set-up to have thé work from the surrounding Tebdrator1es come in on a
schedu]ed basis-<to prov1de an even daity workload.)

Prepare a puf/tase request based on 1nformatlon in cata]ogues madi:;7a1]ab]e

Order: wax penc1]s
. EC Broth (dehydrated)
Fermeqtat1on Tube Assemblies
" Autoclave.
e - /c_—/‘ .
Minimun information in the purchase request should identify --

e

‘ a. Yourself, ﬁas;;he.driginator of the‘requeSE (}
- b._ The riame of tﬁ item(s) requestéd -

c. The size, and dumber of the item(s) \
d.\\l@ costeper unit and the total cost for the item

. &. The name of the cataltogue from which you obtained
. the item, the stock number of each item seletted
from the~cata]ogue, and any other identifying in-.
formation that the pu?chas1ng of ficer -should have. o~ -

¥
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. ASSIGNMENT #2: Equipment and Sdppiies for Feca] Coljiform ;‘ et \x ;
- Test’s Multiple Dilution Tube Method | A\ |

P - "‘-l
- Assume' that-ybu are responsible for the effluent monitQring ‘tests “for.your 4
- treatment plant, which has an,average -daily flow of 45,mgd. In addition,
‘you conduct the-effluent monitoring tests for'3 small ‘plants in your Vicinity,
each of.which has/an average daily flow between 1 and 4‘9’.H§du

Prepare a pyrchase quuest, based on information.in catalogues made available P
. to_you by your instrictorg-for the items .shown betow. (The amount should be T
:enough to last qne.year. 'Yhe size of fixed equipment should be appropriate
"to the amount of lab work yequired; assume that the.’sampling Schedules wills
'be set up to have the work from the surrounding laboratorigs come in on‘a.
scheduled.basis to provide an'even, daily work.load. ) o, -
’ . ' . N
Order: Pipets : y RN o
“ » Lactose Lauryl Sulfate Tryptose Broth (dehydratéd)
L Water Bath¢Incubator . R " i
_Laboratory Aprons or Coats ; . ‘ .
' e ’ i [
i‘ »
..‘4 i
- . ",.‘l .. : ‘
Minimum information in“the purchase request should identify --
. - Lo . _ - ;o
a. Yoyrself, as the originator of the requg!§ L ‘;.
r’ b. The name 'of the_ item(s) requested’ " ' .
c. The size, and numbey of the, item(s) ¢ s .
. . P} « \ ‘ . .
. d. The cost per unft.and thé total cost for the item — _, g .
‘& The name of the catalogue from whith you obtdined ' . * ,
| the item, the stockgnumber of each item selected ¢ ’
' from the catalogue, and any other™identifying in- L @
X formation that the purchasing offgcer shodld have. - : Ly
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